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omparison of Survival after Sublobar Resections
nd Ablative Therapies for Stage I Non�Small Cell
ung Cancer
lla Zemlyak, MD, William H Moore, MD, Thomas V Bilfinger, MD, FACS

BACKGROUND: Lobectomy is the standard therapy for patients with stage I non�small cell lung cancer
(NSCLC). Recently, sublobar resections (SLR), radiofrequency ablation (RFA), and percuta-
neous cryablation therapy (PCT) for high-risk patients unfit for standard resection have been
reported. This study compares all 3 modalities in stage I NSCLC.

STUDY DESIGN: Patients with biopsied stage I NSCLC determined by PET/CT deemed medically unfit for
standard resection were reviewed by a tumor board according to American College of Surgeons
Oncology Group/NIH inoperability criteria before being offered SLR, RFA, or PCT under
anesthesia. Patients were followed with CT scans alternating with PET scans. The primary end
points were overall survival, cancer-specific survival, and cancer-free survival. Kaplan-Meier
analysis and log-rank tests were used.

RESULTS: Sixty-four patients underwent SLR (n � 25; 11 men, 13 women; median age 66 years, range 49
to 85 years), RFA (n � 12; 8 men, 4 women; median age 74 years, range 62 to 83 years), and
PCT (n � 27; 16 men, 11 women; median age 74 years; range 59 to 88 years). The probability
of 3-year survival for the SLR, RFA, and PCT groups was 87.1%, 87.5%, and 77%, respectively
(p � 0.05). The 3-year cancer-specific and cancer-free survival for SLR, RFA, and PCT groups
was 90.6% and 60.8% versus 87.5% and 50% versus 90.2% and 45.6%, respectively.

CONCLUSIONS: This experience suggests comparable survival after sublobar resections and ablative therapies at
3 years. Ablative therapies appear to be a reasonable alternative in high-risk patients not fit for
surgery. However, larger randomized studies with longer follow-up are needed to make recom-
mendations for therapy. (J Am Coll Surg 2010;211:68–72. © 2010 by the American College of

Surgeons)
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ince the Lung Cancer Study Group performed its often-
uoted trial comparing lobectomy versus lesser resections
or stage I non�small cell lung cancer, lobectomy has been
stablished, at least in the United States, as the standard of
are for resectable patients.1 This study showed a 75% in-
rease in local recurrence rates, as well as a trend toward
ower survival in the sublobar resection group compared
ith lobectomy. Five-year survival for patients with stage I
on�small cell lung cancer ranges between 60% and 80%

n most studies.2,3 However, there remains a large popula-
ion of patients who cannot tolerate lobectomy secondary
o their medical comorbidities. The experience with sublo-
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ar resections (SLR) has been fairly extensive in a wide
ange of applications, with 5-year survival reported be-
ween 40% and 80%.1 For patients who cannot tolerate
urgery, or refuse an operative intervention, the guidelines
s reported by the American College of Chest Physicians
ecommends radiation therapy, with the best 5-year sur-
ival reported around 40%.4,5 This therapy is clearly seen as
alliative because of the relatively low success rate with
onsiderable long-term side effects. This has prompted a
earch for other minimally invasive options, including ab-
ative therapy and stereotactic radiation. In this study, we
ave compared outcomes in a retrospective fashion of 3
ifferent alternative modalities, namely radiofrequency ab-

ation (RFA), percutaneous cryoablation (PCT), and SLR
or stage I non�small cell lung cancer (NSCLC).

ETHODS
ur study included 64 patients with stage I non�small cell

ung cancer who were treated at Stony Brook University

ospital between 2003 and 2008. Our IRB-approved da-
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abase comprises patients with a diagnosis of NSCLC who
ere treated with surgical or radiologic interventions. The

nformation entered into the database includes baseline
haracteristics of the patients (Table 1), biopsy and/or pa-
hology results, stage of cancer, date of diagnosis, kind of
reatment received and date of treatment, date of death,
ause of death, and date of diagnosis of recurrence. We
ncluded patients with stage I NSCLC who underwent
ither SLR (n � 25; wedge resection or segmentectomy),
FA (n � 12), or PCT (n � 27). Regardless of methods
hosen, the senior surgeon attended all patients. All pa-
ients were diagnosed with bronchoscopic or percutaneous
iopsy and were staged by PET/CT. All patients were re-
iewed by a tumor board and deemed medically inoperable
ccording to American College of Surgeons Oncology
roup/NIH criteria (Table 2). Patients who qualified for a

obectomy were excluded from the study. Patients who
ould not tolerate general anesthesia were also excluded
rom the study because all interventions were performed
nder general anesthesia. In addition, all recurrences were
gain reviewed by the tumor board and adjudicated be-
ween second primary versus recurrence.

Group assignment was subjective and based on the judg-
ent of the senior surgeon using information from best

ractices reported and taking into consideration wishes of
he patient. The SLR group included mostly patients with
entral lesions because percutaneous methods are not easily
pplicable to those anatomic locations. Also, these patients
ad to be able to tolerate 1-lung anesthesia. Therefore, the
blation group consisted of more patients with peripheral
esions. The RFA group included patients with larger le-
ions (�3 cm) and relatively healthy lung parenchyma who
ere believed to be better and safer treated with the multi-

ine RFA probes. Extensive emphysema patients and pa-

able 1. Baseline Characteristics
emographics SLR (n � 25)

ge, y, mean (range) 66 (49�85)
emale, n (%) 16 (64)
EV1, n (% predicted range) 65 (40�104)
LCO, n (% predicted range) 73 (53�110)
F, n (% range) 60 (44�75)

LCO, diffusion capacity of the lung for CO; EF, ejection fraction; FEV

Abbreviations and Acronyms

NSCLS � non�small cell lung cancer
PCT � percutaneous cryablation therapy (PCT)
RFA � radiofrequency ablation
SLR � sublobar resections
1

adiofrequency ablation; SLR, sublobar resections.
ients in general with lesions �3 cm made up the PCT
roup. This is based on our previous experience that with
CT probes, we could lower the incidence of postproce-
ural pneumothoraces. We kept all patients in the hospital
vernight.

Follow-up for all patients consisted of whole-body PET/CT
cans at 6 months and contrast-enhanced CT every 3 months
or the first year and annually thereafter. Radiologic evidence
f recurrence was confirmed by biopsy. Primary end points in
ur study were 3-year overall survival, cancer-specific survival
only cancer-related deaths were counted as events), and
ancer-free survival (cancer recurrences and all deaths were
ounted as events). We used the Kaplan-Meier method
nd log rank test to compare survival curves for these
roups. Baseline characteristics of the 3 groups were
ompared using t-test and chi-square test. Secondary
utcomes were the number of local recurrences, meta-
tatic disease, time to local recurrence, postprocedure
omplications, and length of hospital stay.

ESULTS
here were 25 patients in the SLR group, 12 patients in the
FA group, and 27 patients in the PCT group. Baseline
haracteristics of all 3 groups were comparable (Table 1).
he only statistically significant difference was diffusion

apacity of the lung for CO, which was lower in the PCT
roup than in the other 2 groups. Eighty-nine percent of
atients who underwent SLR had lymph nodes sampled (2
o 7 lymph node stations per case were sampled) and none
f the lymph nodes were positive for cancer. Mean
ollow-up was 33 months. There were no patients lost to
ollow-up. We found overall 3-year survival of 87.1%,
7.5%, and 77% for SLR, RFA, and PCT, respectively,
ith no statistically significant difference between groups

see Fig. 1 for SEM values). The 3-year cancer-specific sur-
ival was also comparable between the 3 groups at 90.6%,
7.5%, and 90.2% (Fig. 2). There was a tendency toward
igher cancer-free survival at 3 years for the SLR group
60.8%) and for RFA and PCT groups (50% and 45.6%,
espectively) (Fig. 3). However, this difference did not
each statistical significance (p � 0.05). There was a trend

RFA (n � 12) PCT (n � 27) p Value

74 (62�83) 74 (59�88) �0.05
5 (44) 16 (60)

64 (36�100) 64 (23�119) �0.05
62 (36�107) 57 (12�94) 0.02
62 (23�75) 54.50 (35�74) �0.05

ed expiratory volume in 1 second; PCT, percutaneous cryoablation; RFA,
, forc
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oward higher local recurrence and high regional and dis-
ant recurrence in the RFA group (Table 3). We have also
bserved longer times to local recurrence for the resection
roup than for the ablation group (Table 3). However,
one of these data reaches statistical significance secondary
o the small sample size (p � 0.05). The major complica-
ions that were observed for the ablation group were pneu-
othorax and hemoptysis, and there were no postsurgical

omplications in the resection group (Table 3). None of
hese complications resulted in cardiorespiratory com-
romise or required an operative intervention. Two of
even cases of hemoptysis required bronchoscopy. In
7% of patients with radiographic pneumothorax, the
ize warranted chest tube insertion. Length of hospital
tay was considerably shorter for the 2 ablation groups
han for the SLR group (Table 3).

igure 2. Probability of cancer-specific survival. PCT, percutane-
us cryoablation; RFA, radiofrequency ablation; SLR, sublobar

able 2. American College of Surgeons Oncology Group/NIH
noperability Criteria for Lung Surgery

ajor criteria (need at least 1)
FEV1 �50% of predicted
DLCO �50% of predicted
R
inor criteria (need at least 2)
Age 75 y and older
FEV1 51�60% of predicted
DLCO 51�60% of predicted
Pulmonary hypertension, defined as pulmonary artery systolic

pressure �40 mmHg by echocardiography or right heart
catheterization

LVEF �40%
Resting or exercise arterial oxygen partial pressure �55 mmHg

or oxygen saturation �88% by pulse oximetry
Arterial carbon dioxide partial pressure �45 mm Hg
Modified Medical Research Council Dyspnea Scale �3

LCO, diffusion capacity of the lung for CO; FEV1, forced expiratory vol-
me in 1 second; LVEF, left ventricular ejection fraction.
esections. r
ISCUSSION
ver since the widely quoted randomized trial from the
ung Cancer Study Group was published in 1995,2 the
tandard of care for stage I NSCLC, at least in the United
tates, holds that a lobectomy is the most appropriate op-
ration for early-stage lung cancer. That study compared
obectomy with sublobar resection and established that
ublobar resections had higher local recurrence rates and a
rend toward lower survival rates.2 In the most recent rec-
mmendations by the American College of Chest Physi-
ians, lobectomy is the standard of care for stage I NCLC.1

owever, sublobar resections have been around for quite
ome time as a treatment alternative to lobectomies for
atients with limited cardiopulmonary reserve. Recently,
here has been a resurgence of interest spawned by newer
echnological inventions and by observations made mainly

igure 3. Probability of cancer-free survival. PCT, percutane-
us cryoablation; RFA, radiofrequency ablation; SLR, sublobar

igure 1. Probability of overall survival. PCT, percutaneous cryoab-
ation; RFA, radiofrequency ablation; SLR, sublobar resections.
esections.
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rom our colleagues in Asia that some cancers might not
eed a full lobectomy to be controlled. In our series, 3-year
urvival rate for patients undergoing sublobar resections
as been 80%, which is in the range of that reported by
ther authors. For example, a German study published in
008 looked at wedge resections versus segmentectomies
nd reported 3-year cancer-related survival at around 60%
or wedge resections and around 85% for segmentecto-
ies.6 A retrospective study from Pittsburgh showed an

verall 3-year survival of around 60% for sublobar resec-
ions for stage I NSCLC.3 Sublobar resections, although
ess morbid operations than lobectomies, do carry a lot of
raditional down sides of surgical intervention for patients
ith compromised physiologic reserve. Patients who un-
erwent a wedge resection or segmentectomy routinely
tayed in the hospital an average of 6 days in our study.
lso, all of them had chest tubes routinely placed during

he operation, which, together with thoracic incisions, con-
ributed to postoperative pain and sometimes inadequate
ulmonary toilet. In addition, as has been pointed out by
he study from Pittsburgh and is also true in our patients,
ublobar resections tend to be associated with a lesser
ymph node dissection than is performed during a tradi-
ional lobectomy. One of the great advantages of perform-
ng a lobectomy is the gain of knowledge of the lymph node
tatus. Therefore, one can argue these are the best-staged
atients.
Other less invasive modalities are now being considered

or patients with early-stage lung cancers whose medical
onditions preclude them from being treated according to
he standard of care. Among them are ablative therapies,
hich are excellent methods of local control. RFA induces
eat denaturation of cellular proteins resulting in cell
eath. Cryoablation destroys tumor cells by intracellular
nd extracellular ice crystal formation, which results in
embrane rupture and cell dehydration.7,8 Both of these

able 3. Secondary Outcomes

econdary outcomes
SLR

(n � 25)
RFA

(n � 12)
PCT

(n � 27) p Value

ocal recurrence, n (%) 3 (12) 4 (33) 3 (11) �0.05
ny metastases, n (%) 3 (12) 3 (25) 2 (7.4) �0.05
ime to local

recurrence, mo 19 13 13 �0.05
omplications
Pneumothorax, n

(%) 0 7 (58) 10 (37) �0.05
Hemoptysis, n (%) 0 1 (8.3) 6 (22) �0.05
Length of stay, d 6 1.8 2 �0.05

CT, percutaneous cryoablation; RFA, radiofrequency ablation; SLR, sublo-
ar resections.
ethods accomplish gross destruction of radiologically ev- b
dent disease. As such, they are used to provide palliation
or patients with inoperable lung tumors.9,10

Ablations present some definitive advantages over surgi-
al resections. The majority of patients undergoing radio-
requency or cryoablation in our study were able to go
ome within 24 hours of the procedure. Complications,
lthough frequent, were relatively minor and never had any
ong-term importance for patients. Also, ablations did not
esult in any loss of pulmonary function tests in our study
t 6 months follow-up. Ablative therapies have the advan-
age of being able to be repeated if a patient has a recurrence
r a new malignancy develops.

In our study, overall and cancer-specific survival were
lmost identical between SLR and the ablation groups at 3
ears (Figs. 1 and 2). We did notice a tendency toward
ower disease-free survival in the ablation group (Fig. 3).

e also noted a trend toward higher recurrence in the RFA
roup and longer cancer-free intervals in the SLR group
Table 3). This suggests a superiority of SLR to ablative
ptions, RFA in particular, in terms of local control. A
ost-hoc power calculation with a power of 0.95 and an �
rror of 0.01 estimated a sample size of 196 patients nec-
ssary to show a statistically significant advantage for time
o recurrence by SLR. In addition, in a power calculation,
ime to detect a difference in survival with an odds ratio of
.85 was estimated to be 76 months, with a power of 0.95
avoring SLR.

All data available on RFA come from small observational
tudies. The study from Pittsburgh reported a 50% survival
or a group of 46 patients with primary lung cancer (all
tages).11 The study that came out of Massachusetts Gen-
ral Hospital in 2009 analyzed a sample of 31 patients with
tage I NSCLC who were deemed medically inoperable.12

ll of them underwent RFA, and 23 of 31 patients (74%)
ere alive at medium follow-up of 17 months. Of 8 pa-

ients who died, only 3 died of disseminated lung cancer.
imon and colleagues looked at 153 patients with primary
etastatic lung cancer treated with RFA.13 They reported

verall 3-year survival of 36% for stage I NSCLC patients.
e have observed 87% 3-year survival for our RFA group.
his might be attributable to more careful patient selec-

ion, but a small sample size is a substantial limitation in
ur study. Data in the literature on cryoablation for
SCLC is very limited. Based on our data, cryoablation is

n excellent alternative for inoperable patients. We did ob-
erve results superior to RFA in terms of local control, al-
hough the difference was not statistically significant (p �
.05). Cryoablation does not result in substantial collagen
amage, which is associated with RFA, and appears to be a

etter option for patients with extensive emphysema.
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We conclude that all 3 options that we discussed (SLR,
FA, and PCT) are reasonable alternatives to lobectomy

or patients who are poor candidates for major surgery.
ecause none of these options have been known to be
learly superior to another, selection of therapy should be
ade on a case by case basis. Our study has obvious limi-

ations. It is a small retrospective, nonrandomized review.
hen assigning patients to different treatment groups, we

ere trying to pick the best option for each particular
atient based on the characteristics of their lesion and
heir medical condition. This is obviously fraught with
election bias. In addition, ablative and less invasive sur-
ical options inherently suffer from what some would
all inadequate staging without systematic pathological
ssessment of lymph nodes. However, based on our ex-
erience with lymph node sampling for the SLR group,
he likelihood of understaging lung tumors with PET/
T and now endobronchial ultrasonography is low.
arger prospective studies with longer follow-up are
ecessary to better define the role of ablative therapies in
he treatment of early-stage lung cancer. Finally, it has to
e noted that stereotactic body radiotherapy was not
ncluded in the comparison.
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