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Background: Radiofrequency ablation (RFA) is the current gold standard for palliative care of non-small 
cell lung cancer (NSCLC). Pain relief for advanced metastases of NSCLC is notoriously difficult. Combined 
RFA therapy may be more effective than palliating therapy alone in management of painful metastatic 
disease. The effects of RFA on quality of life, particularly pain, as well as long-term outcome studies are 
not well studied. To study the effectiveness of percutaneous minimal invasive RFA in pain management of 
NSCLC patients with metastatic chest wall, vertebral bodies and rib, and periphery lung nodule.
Methods: Forty patients with 59 tumors underwent percutaneous computed tomography (CT) or 
ultrasound-guided RFA for pain management over a 4-week observation. Forty patients were referred to 
ablation because of persistent severe pain despite using analgesics, chemotherapy or radiotherapy. The 
tumors were located in the periphery lung, or metastatic to chest wall, rib or vertebral body. Quantitative 
pain scale values were quantified on a 0–10 scale before, 24 hours, 72 hours, and 4 weeks after RFA. On 
the basis of changes in pain score and pain medication use, pain was reported with a composite measure as 
complete, partial, or no pain response. The overall survival (OS) rate was also collected and calculated with 
Kaplan–Meier method.
Results: After 4-week follow-up, complete pain relief (pain scale score ≤1) was observed in 12 patients (30%) 
and partial pain relief (pain scale score ≤3) in 15 (37.5%) patients; pain relief did not occur in 13 patients 
(32.5%). There was a significant decrease in pain at 24-hour, 72-hour, and 4-week follow-up compared with 
pain level at baseline (P<0.01). Opiate use was decreased in 92.5% (37/40) patients, remained unchanged in 
7.5% (3/40) at 4 weeks follow-up. There are minor adverse events caused by RFA therapy, including pleural 
effusion (5/40), post procedural infections (3/40), pneumothorax (2/40) which resolved spontaneously. The 
OS rates at 6 months in the percutaneous RFA group were 60%, with average OS of 6.5 months in the 
further follow-up.
Conclusions: Percutaneous RFA resulted in sustained pain relief from in most advanced NSCLC patients 
with intractable pain and resistant to chemotherapy or radiotherapy. The effect of RFA was satisfactory, and 
patients can obtain a better life quality with less pain and complications.
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Introduction

About 30–45% of patients diagnosed with non-small cell 
lung cancer (NSCLC) each year in China are failed to 
be surgical candidates, either due to advanced disease or 
problems, such as age and comorbidities (1). The “3 ladder 
approach” for pain management is effective in the majority 
(69–100%) of patients with cancer pain (2). However, failure 
does occur, especially in advanced NSCLC patients when 
conventional palliative treatments such as surgery, radiation 
therapy (3-5), resistance to tyrosine kinase inhibitor (TKI) (6)  
and chemotherapy (7) are difficult or contraindicated.

Radiofrequency ablation (RFA) is the treatment to 
malignant tumors by inserting an electrode into the tumor 
and causing the thermocoagulation necrosis of the tumor (8). 
Studies during the past decade (9) and our previous clinical 
work (10) have showed the emergence of using minimally 
invasive therapies as the best developed palliative control of 
cancer pain, with low risk of complications and technically 
highly successful. It has been documented experimentally 
and clinically that when RFA was used in combination with 
other treatments (11), they act synergistically to provide 
a better management for cancer-related pain (12). With 
refinements in technology, patient selection and clinical 
applications, RFA has been used as a potentially viable 
stand-alone or complementary therapy for both primary (13)  
and secondary lung malignancies (8) in standard and high-
risk populations. Percutaneous RFA is beginning to be 
used in the management of cancer-related pain, especially 
in patients with osseous malignancies (14,15). Palliative 
“debulking” of tumor masses with RFA could results in pain 
relief significantly (16). However, there are scant data on 
palliative treatment for pain related to advanced NSCLC 
with RFA.

In this study, we used RFA combined with other 
supporting treatments on advanced NSCLC patients 
suffered from cancer-associated pain, who failed on 
chemotherapy, radiotherapy or tyrosine-kinase inhibitor 
(TKI) treatment. The goal of our study was to study the 
effectiveness of percutaneous RFA in treating cancer-related 
pain in NSCLC patients.

Methods

Patients 

This retrospective study was approved by Ethical Committee 
of Sir Run Run Shaw Hospital (No. 20200617-33)  
and conducted in accordance with the Declaration of 
Helsinki (as revised in 2013). The treatment plan and 
data collection were approved by Ethical Committee of 
our institution. Participants gave informed consent before 
taking part. The pathologic diagnosis of NSCLC with core 
biopsy or surgery specimens was made based on the criteria 
of World Health Organization (WHO) Classification of 
Tumours of the Lung, Pleura, Thymus and Heart in 2004. 
Medical records of all 40 advanced NSCLC patients with 
pain who underwent percutaneous RFA in this study at our 
institution between January 01, 2012 and July 01, 2016 
were reviewed. Before RFA, each patient was discussed in 
a multidisciplinary tumor (MDT) board conference before 
the appropriate approach was decided, including Dept. 
of Medical Oncology, Radiation Oncology, Radiology, 
Thoracic surgery, and Intervention. Concurrent treatment 
was defined as less than 4 weeks post-RFA treatment. 

Inclusion criteria includes: (I) individuals over 18 years 
with advanced NSCLC with pathological confirmation 
when conventional palliative treatments such as surgery, 
radiation therapy, tyrosine kinase inhibitor (TKI) and 
chemotherapy are difficult or contraindicated; (II) any 
solitary tumor ≤7 cm in diameter and no more than three 
tumor nodules; (III) moderate or serious pain with the 
numerical rating scale (NRS) ≥4 with appropriate analgesics; 
(IV) liver function equal or better than Pugh-Child Class B; 
and (V) platelet count >80×109/L without clinical significant 
portal hypertension and esophageal varices.

Procedures 

The 59 tumors in 40 patients were identified in the following 
locations: 21 in the chest wall, 6 in the thoracic vertebral 
body, 8 in the rib and 24 in the periphery carcinoma nodule. 
Tumor diameter ranged from 1.46 to 5.00 cm, with a mean 
of 3.16 cm (Table 1). RFA was performed when lesions 
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were ≤5 cm in diameter and no more than 3 carcinoma 
nodules with informed consents. All RFA procedures were 
performed by a dedicated team from the department of 
medical oncology, using a standard protocol of TYCO RFA 
device (Valley Lab, Tyco Health Care Group, Boulder, 
CO, USA) or Rita RFA device (Oncology Products Group 
Angio Dynamics, Latham, NY, USA) under the guidance 
of ultrasound (12 patients) or computed tomography scan 
(Somatom Plus 4; Siemens Medical Solutions, Forchheim, 
Germany) (28 patients). Patients received the procedure 
under general anesthesia. RFA electrode was guided toward 
tumors and each tumor was treated with a single electrode 
placement and just one ablation. To ensure ablation of 
most of the tumor, multiple ablation zones were used with 
a mean of 8 overlapping ablation zones per treated level. 
Chest CT scan was performed at the end of the RFA to rule 
any active hemorrhage or pneumothorax. After RFA, other 

combined treatments were used in 23 patients, including 
chemotherapy in 13 patients, radiotherapy in 2 patients, 
TKI treatment in 8 patients because of pain symptom relief 
with improved quality of life (Table 2).

Post-treatment follow-up, pain score and CT scans 

Follow-up visits after ablations were scheduled with 
oncologists. Medical records were reviewed to assess the level 
of pain on a 0–10 scale before ablation. Mean pain scores 
were calculated for 4 group, including Pre-RFA procedure, 
24 hours, 72 hours, and 4 weeks after the RFA procedure. 
Intravenous opiates for pain were used as needed in the first 
2–3 hours after RFA. But patients were restarted on their 
baseline analgesic regimen when oral intake was resumed.

Analgesic histories were recorded. Overall degree of pain 
relief based on quantitative pain scale results were reported 

Table 1 Forty patients treated with radiofrequency ablation

Histologic origin of NSCLC No. of patients Site of tumor No. of tumor Average of tumor size (cm)

Adenocarcinoma 21 Chest wall 12 3.23±1.84

Vertebral body 2

Rib 6

Periphery tumor nodule 12

Squamous cell carcinoma 16 Chest wall 7 2.74±1.56

Vertebral body 3

Rib 2

Periphery tumor nodule 10

Large cell carcinoma 3 Chest wall 2 3.06±1.67

Vertebral body 1

Periphery tumor nodule 2

Table 2 Categorical response to treatment after concurrent RT and ablation

Modality No. of patients
Pain response at the end of the study period

Complete Partial None

RFA 17 6 6 5

RFA and chemotherapy 13 4 5 4

RFA and radiotherapy 2 0 1 1

RFA and TKI 8 2 3 3

Total 40 12 15 13

RFA, radiofrequency ablation; TKI, tyrosine kinase inhibitor.
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in this study with a composite measurement that combined 
the change in pain medication and pain score, both of 
which were assessed at 4 weeks follow-up. Subsequent pain 
scores, changes in general activity and analgesic opiates 
medication use were obtained via telephone interview or 
through patient visit 4 weeks after the procedure. Analgesic 
medication use was defined as more, same, or less absolute 
mg/day. The pain response after 4 weeks follow-up were 
denoted as follows: (I) complete pain response, with total 
relief of pain without further use of analgesic medications; 
(II) partial pain response, defined with use of the same 
analgesic medication regimen or an palliative pain score 
to allow a decrease in the use of pain medication; and (III) 
no pain response, defined with recurrence of pain that 
reached pre procedural levels, or post procedural pain 
that necessitated an increase in the use of pain medication 
beyond pre procedural levels.

All adverse events, including the treatment related 
pain, were recorded and compared. Forty patients were 
evaluated via contrast-enhanced CT (SOMATOMAR-T 
CT scanner) at the 4 weeks post RFA with contrast material 
(100 mL intravenous iopromide, Ultravist 300; Berlex 
Laboratories, Madison, NJ, USA). Necrosis was defined 
as the unenhanced area on the postprocedural CT images. 
Complete ablation was defined as the absence of any 
peripheral enhancement in the contrast-enhanced phase 
4 weeks after the RFA treatment. Local recurrence was 
defined as recurrences contiguous to or within ablated areas. 
Distant intra-lung recurrence was defined as a new tumor 
that appeared in the lung away from the ablated area. 

Statistical analysis 

Results were given as mean ± standard deviation. 
Quantitative pain scale scores (obtained before the 
procedure, 24 hours, 72 hours and 4 weeks post-RFA) 
were compared by using Friedman repeated-measures 
one-way analysis of variance (P<0.050). The t-test was 
used for continuous variables in a parametric fashion. The 
Kaplan–Meier method was used to estimate the cumulative 
incidences of events. All statistical evaluations were 
performed using the SPSS 21.0 software package (SPSS 
Inc., Chicago, IL, USA). All statistical tests were two-sided, 
and a significant difference was considered when P<0.05.

Results

Patients and treatments: the study included 28 men and 

12 women, with a median age of 55.6±16.8 years (range, 
41–73). All patients were Chinese. As Table 1 showed, 
the most common types of primary tumor of NSCLC 
were adenocarcinoma (52.5%, 21/40) and squamous cell 
carcinoma (40%, 16/40), with the average of tumor size 
3.23±1.84 and 2.74±1.56 cm, respectively. Large cell 
carcinoma (7.5%, 3/40) is the least common type with the 
average of tumor size 3.06±1.67 cm.

As Table 2 showed, two patients received radiotherapy 
treatment post-RFA. One patient accepted stereotactic 
body radiation therapy (SBRT) for vertebral body with 
pathological fractures, and the other accepted SBRT for 
mediastinal tumor with hemoptysis. And 13 chemotherapy 
and 8 TKI targeted treatments were performed after RFA. 
One lesion (2.5%; 1/40) was re-treated with RFA for the 
recurrent pain and imaging evidence of tumor.

RFA significantly decreased the pain score and opiates 
usage 

As shown in Figure 1A and Table 3, the pre-RFA mean worst 
pain score (7.60±2.22) significantly decreased at both 24 
hours (3.20±1.75, P<0.001), 72 hours (2.10±1.23, P<0.001) 
and 4-week (3.50±1.68, P<0.001) following ablation 
treatments, compared to the mean pre-procedural VAS 
score. Patient’s opiate usage was decreased by 92.5% (37/40), 
during the following-up 4 weeks (Figure 1A).  

Complete pain response (pain scale score ≤1) and partial 
pain response (pain scale score ≤3) were 30% (12/40) and 
37.5% (15/40), respectively, after 4 weeks (Table 4). No 
significant relief was also noticed at 24 hours 2.5% (1/40), 
72 hours 2.5% (1/40) and 4 weeks 7.5% (3/40). 

Complications of RFA were tolerable 

There are no major complication, such as bleeding, 
permanent neural thermal injury, occurred as followed by 
lung percutaneous RFA. There were minor complications 
caused by RFA, including 5 pleural effusion, 3 post 
procedural infection, 2 pneumothorax which resolved 
spontaneously. 

Prognosis of patients receiving RFA 

All of the patients had post-procedure imaging evaluation 
at least 1 month, consisting of CT, magnetic resonance 
imaging (MRI), and/or positron emission tomography 
(PET)/CT. As Figure 1B showed, the overall survival (OS) 
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rates at 6 months in the percutaneous RFA group were 60%, 
and the average OS in these 40 advanced NSCLC patients 
was 6.5 months, despite of systemic progression disease 
(PD). There was imaging evidence of tumor progression 
at the ablation margins in 4 patients at 6 months. One 
patient with less than 3 months had progressive vertebral 
compression, and 3 patients had tumor progression at  
8 weeks after concurrent therapy. One female patient 

received 2 RFA treatments for 2 periphery carcinoma 
nodule RFA procedures (Figure 2). This patient’s pre-
procedural pain score (8/10) decreased to 0 at 4 weeks 
follow-up after the 2nd RFA treatment. The patient had 
complete response to RFA in the pain control. One male 
patient received 3 times of RFA for the huge left lung mass 
located in the upper-lobe, infiltrating mediastinal pleura 
and chest wall (Figure 3). The patient had partial response 

Table 4 VAS scores and pain medication usage

Degree of relief based on  
quantitative pain scale

Pain relief within  
24 h (n)

Pain relief within  
72 h (n)

Pain relief at the end of study period

Complete (n) Partial (n) No relief (n)

≥50% 26 35 9 12 6

<50% 13 4 3 3 4

No relief of worse pain 1 1 0 0 3

Total 40 40 12 15 13

Figure 1 The average of peak pain score at 0, 24, 72 and 672 h after RFA treatment. (A) Pain scale response following RFA treatment in 
advanced NSCLC. (B) The average of overall survival rates. *compared with the average of peak pain score at 0 h after RFA treatment.

Table 3 VAS score and pain medication usage

Parameter Value

Pre-RFA VAS score 7.60±2.22

24 h post-RFA VAS score 3.20±1.75*

72 h post-RFA VAS score 2.10±1.23*

4 w post-RFA VAS score 3.50±1.68*

Decrease in pain medication use (%) 92.5 (37 of 40)

Unchanged pain medication use (%) 7.5 (3 of 40)

*, P<0.01 based on the matched two-tailed Student’s t-test. RFA, radiofrequency ablation.
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to RFA, and pre-procedural pain score (7/10) decreased to 2 
after 4 weeks.
 

Discussion

Our study suggested that percutaneous RFA was emerging 
as a choice of treatment to advanced lung cancer patients 
who have pain caused by NSCLC. We observed that 

percutaneous RFA could significantly increase the OS time 
and decrease the opioid dose after the procedure compared 
to baseline level pre-RFA (P<0.01). 

Recently, Locklin et al. performed RFA for pain relief 
in 14 patients with 15 soft-tissue tumors (17). It was found 
that the feasibility of using RFA for pain relief in 12 patients 
with painful bone metastasis (18). In these reports, the 
locations of tumor included the chest wall, breast, and 

Figure 2 A 59-year-old female with metastatic non-small cell lung adenocarcinoma in the left and right periphery tumor nodule resistant to 
chemotherapy and radiotherapy, and with serious pathologic pain. (A) One month prior to planned RFA show a pathologic pain in the right 
periphery tumor nodule. (B) RFA treatment the right-side mass located in the chest wall under CT guidance. (C) Four weeks after RFA 
showing complete ablation as the absence of peripheral enhancement in the contrast-enhanced phase, and complete response of right chest 
back pain relief. (D) Two months prior to planned RFA show a pathologic pain in the left periphery tumor nodule. (E) After 1 month of 
right-side periphery tumor nodule of RFA, RFA treatment of the left side mass located on the chest wall under CT guidance. (F) Four weeks 
after 2nd RFA showing complete ablation as the absence of peripheral enhancement in the contrast-enhanced phase, and complete response 
of left chest back pain relief. The patient’s pre-procedural pain score [8/10] decreased to 0 at 4 weeks follow-up post 2nd RFA of left nodule. 
The patient had complete response to RFA in the pain control after follow-up.
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Figure 3 A 61-year-old man with metastatic squamous cell carcinoma resistant to chemotherapy and radiotherapy, suffered with serious 
pathologic pain. (A,B) of chest CT contrast images scan 2 days prior to RFA showed a huge mass located in the left upper-lobe, rib and 
mediastinal pleura and chest wall. (C-E) showed 3 times RFA at different location in the same direction one time. (F) Four weeks after RFA 
show partial ablation as the peripheral enhancement in the contrast-enhanced phase (arrows). The patient’s pre-procedural pain score (7/10) 
decreased to 3 at 4 weeks follow-up post RFA. The patient had partial response to RFA in the pain control after follow-up. 

superficial soft tissues, but no information was available on 
the change in analgesic regimen after ablation therapy. Our 
results from 40 patients confirms the short-term success 
of RFA for pain control. It significantly decreased the pain 
score level for the tumor locating in the chest wall, rib, 
vertebral body and periphery lung. 

Metastases to visceral organs such as the lung and liver 
are thought to cause pain through capsular distention (19). 
The mechanism of pain relief after RFA is still not well 
understood (20). In this study, we focused predominantly 
on tumor located in chest wall, vertebral body, rib and 
periphery lung in advanced NSCLC patients including 
adenocarcinoma, squamous cell carcinoma and large cell 
carcinoma. However, the tumor size might be expected to 

be related with pain levels at the first 48 hours after RFA. 
There is also a significant (67.5%) decrease in the pain levels 
after 4 weeks, including 30% (12/40 cases) complete pain 
relief and 37.5% (15/40 cases) partial relief. The majority 
of our patients (26/40 cases) experienced significantly 
relief (≥50%) based on quantitative pain scale in the first  
24 hours, and 35 of 40 (87.5%) patients experienced a ≥50% 
decrease within 72 hours. These clinical data suggested that 
peritumoral denervation (21) or thermal injury to the nerves 
may be a possible mechanism of pain relief (22), rather 
than capsular distention (19). Other possible mechanisms 
including intratumoral pressure and cytoxin release 
reducing, and decreased pressure on adjacent anatomy (23). 
In some cases, just creating a small thermal injury on the 
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tumor can relieve pain, probably through these speculative 
mechanisms. The low incidence of procedure-related pain 
and major complication is consistent with earlier reports on 
RFA of hepatic tumors in our previous report (10).

In this study, the time course and degree of pain relief 
allowed us to prove that the palliative RFA procedure had 
been successful. A significant decrease in quantitative pain 
scale and pain medication use within the first 72 hours 
indicated markedly improvement of life quality. Within the 
first 24 hours, at least 65% patients’ pain score (3.20±1.75) 
decreased more than 50% compared with the preprocedural 
pain level (7.60±2.22), and 12 of 40 patients (30%) were 
completely response after 4 weeks. As a result of pain 
relief, 23 of 40 patients tried to accept other treatments, 
such as chemotherapy, radiotherapy and TKI. Tumor RFA 
technologies could generate large size of tumor debris in 
situ, releasing multiple bio-molecules like tumor antigens 
and damage-associated molecular patterns (23). RFA-
induced tumor-cell necrosis generates an immunogenic 
source of tumor antigens known to induce antitumor 
immune responses (24). Therapies combining ablation with 
immune stimulation are therefore expected to be key to 
boost RFA-induced immune effects and to achieve systemic, 
long-lasting, antitumor immunity, which may be helpful in 
the prevention of the recurrence and improves progression-
free survival for cancer patients (25,26). In our study, the 
OS rates at 6 months was 60%, with 6.5 months of average 
OS in the 40 advanced terminal stage of NSCLC patients. 

The major limitations of this study included the lack 
of control subjects, the small sample size, the short time 
of follow-up. Given the retrospective nature of this study, 
it was difficult to establish a uniform definition of RFA 
treatment related analgesic failure. 

In summary, our study indicated image-guided RFA was 
a minimally invasive, safe and effective method and could 
be promising for pain relief in advanced NSCLC patients 
who suffered from persistent tumor-related pain. However, 
it still needs other prospective studies involving matched 
patient groups with quality-of-life outcomes to convince 
the treatment effects, and to determine the role of ablation 
procedures for patients who have cancer-related pain in the 
future.
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