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Abstract: To prospectively observe imaging features and local control of advanced lung tumors after radiofrequency 
ablation (RFA), and to propose a follow-up protocol post-ablation. 58 stage IV malignant lung tumor patients were 
enrolled in our study. One hundred of lung lesions were performed 77 sessions of RFA. Enhanced computed tomo-
graphic (CT) images of pre-ablation, 1-month, and 3-month post-ablation and thereafter every 3 months were ob-
tained. Positron emission tomographic/CT (PET/CT) was performed pre-ablation, 3-month post-ablation and there-
after every 6 months. The CT size, shape, enhancement, and PET/CT metabolic activity of the ablated zone were 
analyzed to assess local lesion control. There was significant difference in lesion size between pre-ablation and 
1-month post-ablation (P=0.000), 1 and 3-month post-ablation (P=0.000), 3 and 6-month post-ablation (P=0.006). 
Metabolic activity of the ablated zone after 3 months decreased markedly as compared with pre-ablation (p=0.001). 
Local control rate was 88%, and forms of definite recurrence or residual included increased size, nodular enhance-
ment, and central enhancement. Time to local progression (TTLP), progression-free survival (PFS), and overall sur-
vival (OS) were 15.4±7.5, 9.6±5.8 and 18.0±7.0 months respectively. No death related to operation occurred, 
and the main complication rate was 29%, of which 9% needed clinical management. RFA is a safe and effective 
approach for local control of lung tumors even if in advanced patients. To obtain definite CT evaluation, lesion size 
at 1-month post-ablation as the baseline is appropriate, with efficacy assessment 6-month post-ablation. PET/CT is 
a useful tool to predict recurrence or residual at least 3 months post-ablation.
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Introduction

For patients with advanced lung tumors, the 
therapeutic options are severely limited, be- 
cause of not candidates for surgery, poor lung 
function, or comorbidities [1, 2]. However, radio- 
frequency ablation (RFA) is gaining increasing 
attraction as an effective therapy for patients 
with primary and secondary malignancies of 
the lung [3, 4], some preliminary results sug-
gest a survival benefit and appreciable local 
control [5, 6]. The patient can undergo repeat 
treatment if residual or recurrence is detected 
early, and thus reliable post-RFA imaging follow-
up is critical. 

Up to now, no standard follow-up imaging proto-
col has been established or accepted uniform-
ly, and rarely have long time survival analyses 

been reported. We designed to observe the 
imaging features and local control of the 
advanced lung tumors after RFA, and to pro-
pose a follow-up post-ablation protocol.

Materials and methods

Patient selection and study design

The study was approved by the ethics commit-
tee of our hospital. The risks and benefits were 
explained to each patient and informed con-
sent was obtained. Inclusion criteria for this 
study were as follows: patients with a definite 
pathologic diagnosis of lung malignant tumor; 
Eastern Cooperative Oncology Group Per- 
formance Status (ECOG PS) of 0 to 2, and an life 
expectancy ≥3 months; the number of per 
hemi-thorax tumors ≤3, and any lesion size ≤5 
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cm. Patients were excluded if any of the follow-
ing conditions was existent: patients that 
declined to participate; uncorrected coagulopa-
thy (INR>1.5, PLT<50×109); existence of critical 
organ failure.

The enhanced CT images of pre-ablation, 
1-month, 3-month after ablation and thereafter 
every 3 months were obtained. The PET/CT was 
performed pre-ablation, 3 months after abla-
tion and thereafter every 6 months (Figure 1). 
The CT size, shape, enhancement, and PET/CT 
metabolic activity of the ablated zone were 
applied to describe the imaging evolution, and 
to assess local control of the lesion. Post-
ablation at least a 12-month follow-up was 
given. The TTLP, PFS and OS of the patient were 
duly recorded.

Study population

Between February 2012 and December 2013, 
58 stage IV malignant lung tumor patients were 
enrolled in our study. The enrolled population 
consisted of 33 males and 25 females. The 
average patient age was 55 years (range, 24-81 
years). Of the patients, 14 presented with pri-
mary lung tumors and 44 presented with meta-
static lung tumors. Patient characteristics were 
summarized in Table 1.

and the ablation applicators were placed into 
position. Applicator type, number, percutane-
ous entry route, and duration of ablation were 
based on tumor size, location, tolerance of the 
patient, and planned treatment goals.

Generally, at our institution, for lesions that 
were located adjacent to vital organs (such as 
mediastinum, aorta, main pulmonary artery, 
main bronchus and esophagus), the internally 
cooled single needle puncture (17 gauge, 
Olympus) was preferred, with 2-4 cm active tip. 
The other lesions can be treated by using a 
cluster radiofrequency electrode (17 gauge, 
MedSphere), with mode of temperature control 
or impedance control for choice. In principle, 
when ground glass opacity (GGO) around the 
lesion reached 5-10 mm (Figure 2), the abla-
tion was finished. Immediately after ablation, a 
chest CT scan was performed to evaluate oper-
ation complications, including pneumothorax 
and hemorrhage. Then patients were trans-
ferred to the ward for observation, and a chest 
radiography was obtained next morning. If in 
stable condition, patients can be arranged 
discharge.

Follow-up images and clinical evaluation

In the follow-up of present study, CT scan was 
performed with a 64-row helical multidetector 

Figure 1. The follow-up imaging protocol post-ablation. Initial PET/CT was 
required for staging and observing metabolic activity of lesions. CT was 
performed pre-ablation, 1-month, 3-month after ablation and thereafter 
every 3 months. PET/CT was taken pre-ablation, 3-month after ablation 
and thereafter every 6 months.

Table 1. Patient and tumor characteristics
N

Patient 
    Age (y) 54±12.3 (24-81)
    Sex (M/F) 33/25
    Tumor type (primary/metastasis) 14/44
    TNM (I/II/III/IV) (0/0/0/58)
Lesion 
    Size (mm) 19.4±9.5 (6.3-45.8)
    Location (upper/middle/lower lobe) 35/16/49

Lesions and percutaneous RFA 
technique

A total of 100 lung lesions were 
performed 77 sessions of RFA. 
The average lesion size was 
19.4 mm (range, 6.3-45.8 mm). 
The lesion distribution was as 
follow: 35 in the upper lung, 16 
in the middle lung and 49 in the 
lower lung. Tumor characteris-
tics were summarized in Table 
1.

RFA was performed in patients 
who were under conscious seda-
tion with intramuscular diaze-
pam (2 ml:10 mg, China) and 
fentanyl patch (4.2 mg, China) 
with CT guidance by interven-
tional radiologists, who had 
more than five years of ablation 
experience. Local anesthesia 
was injected at the entry site, 

chen jie
加亮
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CT scanner (Siemens, Germany) at 1-month, 
3-month after ablation and thereafter every 3 
months. In contrast-enhanced CT scan, 100 
mL of iohexol was administered at a flow rate of 
2-3 mL/sec, and images were acquired 30 sec-
onds after injection. PET/CT was performed 
3-month after ablation and thereafter every  
6 months. The inject dose of 18F-fluorodeo- 
xyglucose (18F-FDG) was 0.15-0.21 mCi/Kg, 
and scan began 45-60 minutes later.

Clinical evaluation was based on Revised 
RECIST guideline (version 1.1) [7]. Local control 
was defined when target lesion was complete 
response (CR) or partial response (PR) or stable 
disease (SD). PFS was defined from the first day 
after ablation to progression of target lesions 
and/or progression of non-target lesions and/
or appearance of new lesions. OS was defined 
from the first day after ablation to patient death 
or the last follow-up.

Statistical analysis

Data were analyzed with SPSS v.19.0 statisti-
cal software package. Statistical analysis of 

lesion size and metabolic activity of the ablated 
zone used paired Student’s t-test, p<0.05 was 
considered to indicate a statistically significant 
difference. Kaplan-Meier analysis was used to 
analyze the PFS and OS of the patients. 

Results

Imaging features

The post-RFA imaging features include the CT 
size, shape, enhancement, and metabolic activ-
ity at PET/CT image. In this study, the post-RFA 
period was divided into an early phase (≤1-mon 
after RFA), an intermediate phase (>1-month to 
3-month after RFA), and a late phase (>3-month 
after RFA).

Lesion size, shape and enhancement of CT

The lesion size pre-ablation and at 1, 3, 6, 
12-month post-ablation was 19.4±9.5, 28.3± 
10.2, 20.6±8.1, 18.6±8.8, and 16.4±10.6 mm 
respectively. There was significant difference in 
terms of lesion size between pre-ablation and 

Figure 2. The perilesional GGO with CT scan immediately post-ablation. A: Lesion pre-ablation. B: GGO surrounding 
the lesion immediately post-ablation. C: When GGO reached 5-10 mm (double-headed arrow), ablation was finished.
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1-month post-ablation (P=0.000), 1 and 3- 
month post-ablation (P=0.000), 3 and 6-month 
post-ablation (P=0.006); while significant dif-
ference wasn’t found when comparing 6 and 
12-month post-ablation (P=0.300). Typically, 

the ablated zone got larger in early phase, then 
retracted, disappeared or stable in size at last. 

The size of the ablated zone immediately post-
ablation should be larger than the original tu- 

Figure 3. Categories of CT images evolution of the ablated zone. (A) Disappearance or scan left. (A1) lesion pre-
ablation. (A2) 1-month post-ablation. (A3) 8-monthpost-ablation. (A4) 1-yearpost-ablation. (A5) 2-year post-ablation, 
a scan left at last. (B) Cavity formation. (B1) Lesion pre-ablation, which connected with a bronchus (red arrow in 
B2). (B3) 1-month post-ablation. (B4) 3-month post-ablation, a thin-wall cavity formed. (C) Stable lesion. (C1) Lesion 
pre-ablation. (C2) 1-month post-ablation. (C3) 8-month post-ablation. (C4) 1-year post-ablation. (C5) 2-year post-
ablation, no obvious alteration of size and shape of the lesion occurred. (D) Local recurrence or residual. (D1) Lesion 
pre-ablation. (D2) 2-month post-ablation. (D3) 8-month post-ablation. (D4) 1-year post-ablation, no recurrence was 
detected, (D5) but till 20-month post-ablation, nodular recurrence occurred.
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mor because it includes both the tumor and the 
perilesional lung tissue, which shows as GGO in 
most cases. Categories of prognosis of the 
ablated zone were as follows (Figure 3): (A) dis-
appearance or scan left, (B) cavity formation, 
(C) stable lesion, and (D) local recurrence or 
residual. In early and intermediate phase, the 
ablated zone continued to demonstrate a 
marked reduction in contrast material uptake 
as compared with pre-ablation but the periph-
eral, whose benign enhancement may continue 
to be seen, might persist for as long as 6 
months after RFA. After 6 months, enhance-
ment continued to decrease and not exceed 
the enhancement at 3 months. The appear-
ance of continuation central or nodular en- 
hancement >10 mm and/or >15 HU compared 
to plain scan suggested progression of recur-
rence or residual. 

Metabolic activity of PET/CT

Metabolic activity of the ablated zone dec- 
reased markedly after 3 months as compared 
with that pre-ablation (p=0.001). A few lesions 
still remained uniformly surrounding high 
uptake of FDG 3-month post-ablation, but not 
obviously 9 months later, which pointed to 
inflammatory response. Increased metabolic 
activity, new uptake of FDG, and irregular or 
nodular high uptake of FDG (maximum stan-
dard uptake value (SUVmax) ≥3) of the ablated 
zone after 3 months were all findings concern-
ing recurrence or residual.

Clinical evaluation

Of the 58 patients, the number of deaths was 
11, and 9 patients were lost of follow-up. In this 
study, the local control rate was 88%, and 52% 
of the target lesion was not found definite 
recurrent or residual lesions during follow-up. In 
definite recurrent or residual lesions, 63% 
showed increased of more than 20% as com-
pared with minimum size, 27% showed nodular 
enhancement measuring more than 10 mm, 
and 10% showed central enhancement greater 
than 15 HU. TTLP, PFS, and OS were 15.4±7.5, 
9.6±5.8, and 18.0±7.0 months respectively 
(Figure 4). The mean hospital stays was 4±2.1 
days (range, 2-15 days). No death related to 
operation occurred, the main complication rate 
was 29%, which included pneumothorax, pul-
monary hemorrhage, hydropneumothorax, se- 
vere subcutaneous emphysema, and inflamma-
tory cavity. Of all the complications, the rate 
that needed clinical management was only 9%. 

Discussion

Patients with advanced lung tumors, for not 
candidates for surgery, poor lung function, or 
comorbidities, the therapies are limited and 
challenging [2]. RFA as a minimally invasive 
therapy is gaining increasing attention, and a 
growing need has arisen to establish not only 
the optimal follow-up imaging protocol but also 
imaging reference for assessing treatment 
response. Moreover, the early identification of 
tumor residual or recurrence could make pos-

Figure 4. Curves of PFS and OS. A: The progression-free survival (PFS) was 9.6±5.8 months. B: The overall survival 
(OS) was 18.0±7.0 months.
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sible expeditious retreatment or alternative 
therapy [3].

Chest radiographs are routinely obtained after 
the procedure to evaluate the procedure-relat-
ed complications, including pneumothorax and 
pleural effusion. CT is most commonly used for 
post-RFA surveillance because of its high reso-
lution, availability, low cost and short scan time 
[1, 8, 9]. Although magnetic resonance imaging 
(MRI) is not usually for patients’ follow-up, due 
in part to its poor lung visualization, but it has 
also been reported to be a useful modality for 
the evaluation of ablated tumors [10]. Okuma 
et al reported the apparent diffusion coefficient 
(ADC) on diffusion-weighted imaging (DWI) 
could predict the early treatment response to 
RFA of lung tumors [11]. Multiple studies 
showed PET/CT findings not only predicted 
regrowth of tumors earlier than CT, but also 
allowed surveillance of extrathoracic tumor pro-
gression [12-14]. However, there has been con-
troversy with regard the use of PET and PET/CT 
to assess the treatment response with RFA. 
This was mainly due to the false-positive of 
ablation zone especially in the first three 
months post-ablation [5, 13, 15]. In addition, 
there were some incidences of false-negative 
outcomes in the surveillance of new extratho-
racic lesions. Moreover, the radiation exposure 
and expensive cost should be taken into 
account. 

In this study, the follow-up of the patient was 
taken by CT and PET/CT. We found the ablated 
zone at 1-month post-ablation larger than the 
original size, then retracted and persistently 
regressed, which mostly continued to 6-month 
post-ablation, and then disappeared or was 
stable at last. Hence, we propose that it is more 
appropriate to take lesion size at 1-month as 
the baseline, and to assess efficacy 6-month 
post-ablation. As for the recurrence or residual 
after ablation, the forms including increased in 
size of more than 20% as compared with mini-
mum size, nodular enhancement measuring 
more than 10 mm, and central enhancement 
greater than 15 HU, which were consistent with 
literatures [3, 5, 7]. Metabolic activity of the 
ablation zone after 3 months decreased mark-
edly as compared with pre-ablation, although a 
few lesions remained uniformly surrounding 
high uptake of FDG. In order to derive a defini-
tive evaluation, too early follow-up of PET/CT is 

not recommended [5], and many investigators 
consider that it had better at least 3 months 
after ablation to take PET/CT [13, 15].

The local control rate in our study was 88%, 
which was consistent with previously published 
reports [4, 16]. Also, 48% of the target lesions 
were found recurrence or residual during fol-
low-up, which ranged from 7% to 55% accord-
ing to literatures [17-20]. No death related to 
operation occurred, and the main complication 
rate was 29%, of which 9% needed clinical 
management, including pneumothorax, pulmo-
nary hemorrhage, hydropneumothorax, severe 
subcutaneous emphysema, and inflammatory 
cavity. The complications of rib fractures and 
implantation metastasis were not observed in 
this study and were rarely reported in the litera-
ture [8], but should be paid attention to. 

Patients had a rapid recovery and a high life 
quality after ablation, some could even be dis-
charged the second day post-ablation. Besides, 
some preliminary results have also suggested 
a survival benefit [18-20], although still need 
further studies to confirm.

Conclusion

RFA is a safe and effective approach for local 
control of lung tumors even if in advanced 
patients. To obtain a definite CT evaluation, it is 
more suitable to take lesion size 1-month post-
ablation as the baseline, and to assess efficacy 
6-month after ablation. PET/CT is a useful tool 
to predict recurrence or residual at least 3 
months after ablation.
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