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Abstract

Purpose—This study evaluates the two-year overall survival (OS), adverse event rate, local
control rate and impact on pulmonary function tests (PFTs) in medically inoperable patients with
stage IA NSCLC undergoing CT-guided RFA in a prospective multi-center trial.
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Methods—»54 patients M:F=25:29, median age/range= 76/60-89 were enrolled from 16 US
centers 51 patients were eligible (biopsy proven stage IA NSCLC and deemed medically
inoperable by board certified thoracic surgeon) for evaluation. PFTs were obtained within 60 days
of RFA, 3 and 24 months after RFA. Adverse events were recorded and categorized. Patients were
followed by CT and FDG PET. Local control rate and recurrence patterns were analyzed.

RESULTS—The OS rate was 86.3% at one year and 69.8% at two years. Local tumor recurrence
free rate was 68.9% at one year and 59.8% at two years and was worse for tumors >2 cm. In the
19 patients with local recurrence, 11 had retreatment with RFA, nine had radiation and three had
chemotherapy. There were 21 grade 3, two grade 4 and one grade 5 AEs in 12 patients within the
first 90 days after RFA. None of the grade 4 and 5 AEs were attributed to the RFA. There was no
significant change in the FEV1 or DLCO after RFA. Tumor size less than 2.0 cm and performance
status of 0—1 were associated with a statistically significant improved survival of 83% and 78%
respectively, at two years.

CONCLUSIONS—RFA is a single minimally invasive procedure, that is well tolerated in
medically inoperable patients, does not adversely affect PFTs and gives two year OS that is
comparable to that reported following SBRT in similar patients.

Introduction

Lung cancer is mostly a disease of the elderly whereby 81 percent of those living with lung
cancer were 60 years of age or older as reported in 2006.1 Today high-risk patients or older
patients who refuse surgery are usually treated with stereotactic body radiotherapy (SBRT)
or image-guided thermal ablation techniques.? Radiofrequency ablation (RFA) has been the
most commonly used image-guided thermal ablation modality with widespread application
in the treatment of liver, kidney, lung and bone tumors.3 Initial experience in using RFA as
an outpatient treatment of lung cancer has indicated that the technique appears feasible and
safe in highly selected patients.*® RFA’s advantage lies in its ability to locally heat tumor to
a lethal temperature while incurring minimal damage to surrounding normal lung tissue. In
a Phase 11 study of RFA followed by conventional radiotherapy for patients with inoperable
stage | NSCLC, no worsening of pulmonary function was observed.” More recently SBRT
has replaced conventional radiotherapy for stage I disease with improved local control and a
reduction in pulmonary toxicity. However, there still is an observed deleterious effect of
pulmonary function with a decline in DLCO by 12% in a completed multi-center trial
RTOG 0236.8 The purpose of this paper is to report on the clinical results of the American
College of Surgeons Oncology Group Z4033 (Alliance) cooperative group study that
prospectively evaluated the safety and effectiveness of RFA in the treatment of medically
inoperable stage IA NSCLC.

Patients and Methods

Patient eligibility
This was a HIPAA-compliant, IRB-approved multicenter trial funded through Alliance NCI
grant #U10 CA 76001. A supplemental file of IRB site information is attached; however, the
Cancer Trial Support Unit (CTSU) does not require sites to include the IRB number with the
submission. This study followed CONSORT guidelines (Figure 1). Before participation,
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each participant provided written informed consent. Eligible patients had biopsy proven
NSCLC < 3 cm in maximum diameter. Patients had FDG-PET, CT scan of the chest and
abdomen and PFTs within 60 days of RFA. Patients met at least one major criterion or a
minimum of two minor criteria as listed in Table 1.% All patients were evaluated by an
ACOSOG approved thoracic surgeon and were deemed high-risk for any form of pulmonary
resection. Patients were required to be ECOG/Zubrod performance status 0—2. Patient’s
tumor had to be non-contiguous with vital structures and accessible via a percutaneous
route. Patients were required to have all suspicious mediastinal lymph nodes (> 1 cm short-
axis dimension on CT scan or positive on FDG PET scan) biopsied.

Procedural Specifications

All patients were treated with a Covidien cluster Cool-tip electrode (Covidien, Boulder, CO)
under CT-guidance according to the manufacturer’s specifications. At least one RF
treatment was created with the maximal allowable current for no more than 12 minutes at a
single position. The maximal intratumoral temperature was recorded from the RF generator
to ensure adequate thermocoagulation (target temperatures of at least 60° Celsius).
Additional RF electrode repositioning could be performed as needed with a maximum of 36
minutes of energy delivery for any given tumor. All treating physicians were required to
have performed 25 static or dynamic image guided thoracic procedures as well as ten lung
RFA ablation procedures (at least one with the Covidien system) prior to enrolling a patient
in the study.

Follow-up and endpoints

Patients were followed at specific time intervals according to their imaging follow-up. A
contrast enhanced CT scan was performed at three, six, nine, 12, 18 and 24 months. In the
first 30 patients FDG-PET scans were performed within 24-96 hours of completion of the
RFA procedure to evaluate the utility of early PET as previously reported!® and again at 6,
12, 18 and 24 months. Pulmonary function tests were performed within 60 days pre-RFA
and at three months and 24 months post RFA.

Evaluation of Outcomes

Local recurrence was indicated when a follow-up examination showed recurrence in the
same lobe or hilum (N1 nodes), or progression at the ablated site (local progression).
Regional recurrence was indicated when a follow-up examination showed recurrence within
another lobe on the same side of ablation, or the ipsilateral mediastinal or subcarinal (N2)
nodes. Distant recurrence was indicated when a follow-up examination showed recurrence
within a contralateral, mediastinal (N3) node or distant metastatic disease.

Adverse Event Reporting

This study collected adverse events using the Common Terminology Criteria for Adverse
Events Version 3.0 (CTCAE v.3.0).11 Reported adverse events were considered attributed if
the treating physician reported the adverse event to be at least possibly related to study
treatment.
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Quantitative Measurements

Target tumors were measured in three dimensions on all initial and follow-up CT scans. Any
growth of the target lesion 1-25 times any dimension compared to the 3-month baseline CT
scan or on subsequent CT scans was considered suspicious for recurrence and required
biopsy when clinically appropriate. If contrast enhanced CT was performed, any mass lesion
measuring greater than 9mm in the treatment field that enhanced 15 HU was considered
suspicious for recurrence.

On the month follow-up FDG PET/CT scans, patients were categorized as having a
complete metabolic response (no residual disease) based on the overall appearance of the
ablation cavity (homogeneous activity at the ablation site without a discrete focus of
increased uptake more intense than the rest of the peripheral activity). Patients were
categorized as a local recurrence if there was a discrete focus of peripherally increased
uptake that was more intense than the rest of the peripheral activity.

Primary and Secondary Objectives

The primary objective was to assess the overall two year survival rate after RFA. Secondary
objectives include freedom from recurrence, technical success, procedure specific morbidity
and mortality and the effect of RFA on PFTs. The technical success was defined as
appropriate positioning of the RF electrode within the lung cancer and appropriate end
treatment temperatures as determined by central image and RF parameter review by at least
one of the co-investigators.

Statistical Considerations

The primary endpoint was overall survival at two years. The RFA procedure was not
considered of interest if the two year survival rate <= 30% and was considered of interest if
> 50%. If 22 or more of the 55 evaluable patients were alive at two years this procedure was
considered promising for further development. If 21 or less were alive at two years, this
procedure was considered ineffective in this patient population. Assuming that the number
of deaths was binomially distributed, the probability of declaring that this regimen warranted
further studies (i.e. statistical power) under various success proportions of 30%, 35%, 40%,
45% and 50% were 0.07, 0.26, 0.55, 0.81 and 0.95, respectively.

Secondary Endpoints and Analysis

The overall time to local failure was defined as the time from registration to documentation
of local failure. The overall time to recurrence was defined as the time from registration to
documentation of any disease recurrence. If a patient died without a documentation of
disease recurrence, the patient was considered to have had tumor recurrence at the time of
their death unless there was CT or FDG PET/CT evidence within 3 months to conclude no
recurrence occurred prior to death. The distribution of time to recurrence was estimated
using the method of Kaplan-Meier. The proportion of technical success was estimated by the
number of patients with an RFA procedure deemed a technical success divided by the total
number of RFA procedures attempted. In order to evaluate the effect of local recurrence on
overall survival, a landmark analysis was conducted. Participants were classified as either
having or not having a local recurrence in the first year. A Kaplan-Meier analysis comparing

Cancer. Author manuscript; available in PMC 2016 October 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Dupuy et al.

Results

Page 5

overall survival was then conducted starting at the one year time point comparing overall
survival for the participants that did and did not recur prior to one year.

A total of 54 patients were enrolled from 16 institutions from December 2006 to November
2010. Of the 54 patients enrolled 36 were followed for two years, 15 patients died during the
two year follow-up period, and 3 were ineligible (5.6%). Patient and tumor characteristics
are summarized in Table 2. The overall one and two year survival was 86.3% (95% ClI:
77.3%, 96.3%) and 69.8% (95% CI: 58.0%, 83.9%), respectively (Figure 2). There was a
68.9% (95% ClI: 57.0%, 83.4%) local recurrence free rate at one year and 59.8% (95% ClI:
47.2%, 75.7%) at two years (Figure 3). The type of recurrence is summarized in Table IlI.
Of the 19 local recurrences (all 19 patients had tumor bed recurrences, one had an additional
recurrence in the treated lobe and three also had hilar nodal recurrence), 11 had repeat RFA
and 8 had radiotherapy for localized disease.

Treatment for regional and distant recurrences included radiation in one patient for regional
disease, and chemotherapy in three for either regional or distant disease. There were three
regional recurrences and four distant recurrences and only one of these patients had a tumor
bed recurrence. The presence of a local recurrence in the first year did not affect the overall
survival (p=0.49) (Figure 4). Tumor size less than 2.0 cm and performance status of 0-1
were associated with a statistically significant improved survival of 83% and 78%
respectively, at two years. There were 27 tumors over 2cm and 24 tumors under 2cm. The
local recurrence free survival at one and two years was 65.2% and 56.1% for tumors over
2cm. The local recurrence free survival at one and two years was 73.2% and 63.7% for
tumors under 2cm. This was not statistically significant (p=0.406). The grade 3-5 adverse
event rate attributable to the RFA procedure between 0-90 days was 11.8%. There were two
grade 3 pneumothoraces that required intervention, one fever, one antibiotic related colitis,
one pneumonitis, one dyspnea, one hypoxia, one pleural effusion that required drainage and
one pulmonary infection. There was one death 2 months after RFA reported to be secondary
to myocardial infarction. There were two grade 4 events one related to prolonged
hospitalization from cardiac ischemia/infarction and cardiac troponin | increased. There
were no grade 4 or grade 5 attributable events. The comparison of change in pulmonary
function from baseline to 3 and 24 months is summarized. There was no statistically
significant change in FEV1, or DLCO at 3 or 24 months [FEV1 (ml): p=0.17; p=0.13; FEV1
%: p=0.21; p=0.13; DLCO %: p=0.47; p=0.55)]; however, there was a statistically
significant improvement in forced vital capacity at 3 and 24 months compared to baseline
(p=0.02; p<0.01)) (Figure 5). The distribution of clinically meaningful change (10%
increase or 10% decrease) in pulmonary function from baseline to 3 and 24 months is
summarized in Table V. Table V summarizes the data of radiofrequency parameters. There
were 15 patients who died during the study of which 7 died due to their lung cancer. The
cause of death is summarized in Table VI.
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Discussion

RFA of human lung tumors was first described in 200012 and since that time there have been
many single center studies and one industry sponsored study looking at the clinical
feasibility, safety and effectiveness of RFA treatment alone.*>13 The overall survival of
early stage lung cancer patients treated with RFA compares favorably to historical controls
treated with conventional 3D conformal radiotherapy, and this was the impetus to perform
further careful analysis in a larger more controlled fashion. Therefore, this study represents
the first cooperative group analysis of NSCLC RFA with a single device with strict
enrollment criteria.

The 69.8% overall two year survival and local control rate in this cohort of patients is
similar to previous reports.*°> A large multi-center study known as the RAPTURE trial
included 33 NSCLC patients.13 The two-year overall survival was 48%. However most of
these high-risk patients died from non-cancer related causes, as indicated by their two-year
cancer-specific survival, which was much higher at 92%. The long-term outcomes in a
cohort of 75 stage | NSCLC patients were reported by Simon et al.14 with an overall median
survival of 29 months. The key finding in this study was the difference in local control
between tumors 3 cm or less in size compared to tumors larger than 3 cm, supporting the
argument that therapeutic outcomes are better with smaller cancers. In our study the two
year survival improved to 83% in patients whose tumors were smaller than 2cm. We showed
a trend towards improved local control in tumors under 2cm that may have been significant
had the study included more patients. The impact of tumor size on outcome has also been
shown following resection which led to changes in the TNM staging system (Ram-Porta et
al)1® as well as after SBRT (Matsuo et al).16 Our observed tumor free recurrence rates for
this study were 68.9% at one year and 59.8% at two years. This is similar to previously
published work by Lanuti et al who reported a local recurrence rate of 31.5%.17 The high
local recurrence rates can be explained by several factors. Local blood vessels adjacent to
the tumor can reduce heating as the flowing blood can siphon away the thermal and
electrical energy making the treatment non-uniform. In addition the precise cytotoxic effects
of the RFA on the tumor and adjacent margins are not visible under CT scan only the
thermal injury to local blood vessels that leak fluid into the lung surrounding the tumor.
These visible treatment effects in the margin may or may not be cytotoxic, and the operator
has to make an educated guess based on a point temperature reading at the tip of the
electrode whether or not the margins have been adequately heated. Despite a high local
recurrence rate close imaging surveillance can easily identify recurrence and repeat local
therapy either with repeat thermal ablation or stereotactic body radiotherapy can be
performed as was demonstrated in 19 of our patients.

This secondary assist rate may explain the fact that the overall survival is unchanged when
we compared patients without a local recurrence to those with one. Local recurrences after
RFA are easily retreated with RFA as there is no treatment plateau effect as is seen with
radiotherapy. The lack of negative effects on overall survival from a local recurrence was
also supported by the study from Lanuti et al.1” Improvements in thermal delivery as has
been proposed with new microwave devices may reduce the local recurrences observed with
RFA18
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RFA appears well tolerated in this frail, elderly population with co-existing
cardiopulmonary disease. When we compare our cohort with other surgical or radiotherapy
trials recently completed, our cohort was older and had more significant comorbidities
(Crabtree et al).1 In fact we showed that our patients with a performance status of 0 or 1
had a higher 2 year survival of 78% compared with the whole cohort..Recent survival
analysis of SEER data in patients with early stage NSCLC treated with RFA or sublobar
resection showed similar overall survival when patient groups were matched using
propensity score matching.2 In addition to survival analysis, Kwan et al also compared
medical costs of sublobar resection and thermal ablation. The median cost difference
regardless of time period was 12—16 thousand dollars less for the thermal ablation group.2
One must consider that in patients well enough for sublobar resection the improved local
control rates of 98-99%22 would justify the greater costs of the treatment given a possible
longer life expectancy. The global reimbursement for lung RFA from the Centers for
Medicare and Medicaid services is approximately 1/3 of SBRT depending upon the state.?
SBRT is performed in three to five sessions over a 10-14 day period, compared to a single
treatment session with RFA. Despite the higher local recurrence rate with RFA as compared
to the 3 year 88-98% local control rate with SBRT23 the overall two-year survival is the
same even in an older and sicker cohort. If one takes into the account the higher retreatment
rate with RFA as compared to SBRT the treatment costs are still lower in the RFA group
even if the RFA recurrences are treated with SBRT. This does not take into account costs
related to hospitalization from complications in either group. Our significant adverse event
rate related to the RFA procedure was only 11.8% with these largely representing the need
for chest tube placement in three patients with pneumothoraces. We had no grade 4 or 5
attributable adverse events. Despite the thermal effects in the lung surrounding the tumors
there were no deleterious effects on pulmonary function. In fact we saw a significant
improvement in forced vital capacity that may be explained by a reduction in air trapping
from the cicatrization effects after RFA. The preservation of lung function after RFA is a
potential advantage compared to the 12% reduction in DLCO observed after SBRT.8 Future
randomized controlled trials between thermal ablative techniques and SBRT, and sublobar
resection comparing survival, local control, safety, cost and quality of life could be
beneficial to society, given the rising costs of health care, aging demographics and push
towards minimally invasive treatments of screen detected early stage cancers in high risk
groups.

In summary this NCI-funded multicenter trial has shown that RFA can provide safe and
effective treatment for patients with medically inoperable early stage NSCLC in a single
outpatient session. Thermal ablation should continue to play a role in medically inoperable
patients with lung cancer and perhaps in high-risk operable patients currently treated with
sublobar resection. Further study with newer thermal ablative technologies in comparison to
other treatment options such as sublobar resection and/or SBRT in well-defined patients are
needed to better define the role of these therapies for NSCLC.
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54 Enrolled

3 Ineligible
(2 Pre-RFA PET not
within 60 days prior to
study pre-registration;
Biopsy did not confirm
NSCLC)

Y

51 Eligible
(50 RFA Technical Success;
1 Not Technical Success)

Figure 1.
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Major and minor clinical criteria used to determine eligibility in the ACOSOG Z4033" study.
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Major Criteria Total™™
(N=51)
1. FEV1 < 50% predicted 28 (54.9%)
2. DLCO < 50% predicted 33 (64.7%)
Minor Criteria
1. Age 275 30 (58.8%)
2. FEV1 51-60% predicted 7 (13.7%)
3. DLCO 51-60% predicted 9 (17.6%)
4. Pulmonary hypertension (defined as a pulmonary artery systolic pressure greater than 40mmHg) as estimated by 1(2.0%)
echocardiography or right heart catheterization
5. Poor left ventricular function (defined as an ejection fraction of 40% or less) 6 (11.8%)
6. Resting or Exercise Arterial pO2 < 55 mm Hg or SpO2 < 88% 1 (2.0%)
7.pCO2 > 45 mm Hg 0 (0%)
8. Modified Medical Research Council (MMRC) Dyspnea Scale = 3 12 (23.5%)

MMRC=modified medical research council scale.
*
Eligible patients must have met either 1 Major or 2 Minor Criteria

*%

Patients may have multiple criteria
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Table Il
Baseline Patient Characteristics
Total
Variable (N=51)

Age in years (median, range)
Gender
Male
Female
Race
White
Black
Unknown
Ethnicity
Hispanic or Latino
Not Hispanic
Not Reported/Unknown
Performance score
0
1
2
Histology
Squamous
Adenocarcinoma
Bronchoalveolar

Other non-small cell carcinoma

Other, specify*
Tumor stage: T1
N stage: NO
M stage: MO
Stage: 1A
Size of nodule in cm (median, range)
Maximum Tumor Dimension in cm (median, range)
Tumor SUV (median, range)
Tumor location
Left lower lobe
Right lower lobe
Left upper lobe
Right upper lobe
Right middle lobe
Right lower lobe/Right upper lobe
Baseline FEV1 % predicted (Mean, Median, Range)

Baseline DLCO % predicted (Mean, Median, Range)

Cancer. Author manuscript; available in PMC 2016 October 01.

76.0 (60.0, 89.0)

23 (45.1%)
28 (54.9%)

44 (86.3%)
6 (11.8%)
1(2.0%)

4 (7.8%)
43 (84.3%)
4 (7.8%)

9 (17.6%)
29 (56.9%)
13 (25.5%)

19 (37.3%)
24 (47.1%)
1(2.0%)
4(7.8%)

3 (5.9%)
51 (100.0%)
51 (100.0%)
51 (100.0%)
51 (100.0%)
2.0 (0.8-3.0)
2.1(0.8-3.0)
6.0 (0.6, 15.1)

6 (11.8%)
6 (11.8%)

16 (31.4%)

20 (39.2%)
2 (3.9%)
1(2.0%)

48.8, 48.0, (13.0, 102.0)
437, 42.0, (7.0, 99.0)
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Total
Variable (N=51)
Baseline FVC (ml) (Mean, Median, Range) | 2046.6, 2070.0, (1090.0, 3720.0)

*
: Poorly differentiate non-small cell carcinoma; Non-small cell carcinoma subtype information not available; Large cell carcinoma with squamous
cell feature;
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Table llI

Summary of Recurrence

Variable

Total
(N=51)

Type of recurrence
None
Local
Regional
Distant

Local/Regional

Local/Distant

29 (56.9%)
15 (29.4%)
1 (2.0%)
2 (3.9%)
2 (3.9%)
2 (3.9%)
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Variable

Total
(N=51)

Change from Baseline at Month 3

FEV1 % predicted:

Missing

10% Increase

10% Decrease

Neither increase nor decrease of 10%
DLCO % predicted:

Missing

10% Increase

10% Decrease

Neither increase nor decrease of 10%

Change from Baseline at Month 24

FEV1 % predicted:

Missing

10% Increase

10% Decrease

Neither increase nor decrease of 10%
DLCO % predicted:

Missing

10% Increase

10% Decrease

Neither increase nor decrease of 10%

12 (23.5%)
5 (9.8%)
3 (5.9%)

31 (60.8%)

17 (33.3%)
9 (17.6%)
4 (7.8%)

21 (41.2%)

30 (58.8%)
7 (13.7%)
4 (7.8%)

10 (19.6%)

35 (68.6%)
6 (11.8%)
4 (7.8%)
6 (11.8%)
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Summary of Clinical Meaningful Change in Pulmonary Function Test
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Summary of radiofrequency ablation report

Variable N (%)
Electrode length
Missing 1(2.0%)
10 cm 14 (27.5%)
15 cm 34 (66.7%)
20 cm 2 (3.9%)

Radiofrequency parameters

Median (Range)

Baseline impedance (ohms)
Peak current (MA)
Peak Power (Watts)

Maximum Temperature (C)

Total time (minutes)

49
49
47
50
51

85.0 (42.0 - 180.0)
1330.0 (900.0 — 2000.0)
135.0 (97.0 - 194.0)
75.0 (53.0 — 98.0)
17.0 (2.0 - 48.0)
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Table VI

Summary of Cause of death

Variable

N (%)

Cause of Death (N=17)
Due to this disease
Due to other cause

Other Cause of Death (N=10)
Other-pulmonary
Other-cardiac

Other-pulmonary and cardiac

Other-unknown

7 (41.2%)
10 (58.8%)

3 (30.0%)
2 (20.0%)
1 (10.0%)
4 (40.0%)
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