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Abstract

Background—Wedge resection in selected patients with early stage non-small cell lung cancer 

(NSCLC) is considered to be a valid treatment option. The aim of this study was to evaluate the 

recurrence patterns after wedge resection, to analyze the survival of patients under routine follow 

up and to recommend a follow-up regimen.

Methods—Retrospective analysis of 446 consecutive patients between May 2000 and December 

2012 who underwent a wedge resection for clinical stage I NSCLC. All patients were followed up 

with a computed tomography (CT) scan with or without contrast. The recurrence was recorded as 

local (involving the same lobe of wedge resection), local-regional (involving mediastinal or hilar 

lymph nodes or a different lobe), or distant including distant metastasis and pleural disease.

Results—Median follow-up for survivors (n=283) was 44.6 months. 163 patients died: median 

overall survival of 82.6 months. 36 patients were diagnosed with new primary NSCLC and 152 

with recurrence (79 local, 45 regional, and 28 distant). There was no difference in the incidence of 

recurrence detection detected by CT scans with vs. without contrast (p=0.18). The cumulative 

incidence of local recurrences at 1, 2 and 3- years was higher than the cumulative incidence for 

local, regional and distant recurrences: 5.2, 11.1 and 14.9% vs 3.7, 6.6 and 9.5% vs 2.3, 4.7, and 

6.4%, respectively. Primary tumor diameter was associated with local recurrence in univariate 

analysis.

Conclusions—Wedge resection for early stage NSCLC is associated with a significant risk for 

local and regional recurrence. A long term follow-up using non-contrast CT scans at consistent 

intervals is appropriate to monitor for these recurrences.
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A lobectomy is considered to be the optimal treatment in patients with clinical stage I non 

small cell lung cancer (NSCLC) [1]. In these patients, there is a 20–30% risk for disease 

recurrence, and recurrences usually present as distant disease in the first couple of years 

following surgery, rarely presenting at an earlier stage [2,3]. Given the preponderance of 

distant recurrences and the lack of curative treatments, some have questioned the benefit of 

close surveillance following surgical treatment [4]. Nonetheless, the NCCN guidelines 

recommend close follow-up after surgery with eventual transition to yearly screening [5].

Treatment of clinical stage I NSCLC with a wedge resection, on the other hand, has been 

mostly reserved for patients with poor lung function, multiple comorbidities, or previous 

lung surgery [6]. The reluctance to use this approach in fitter patients has been due to 

concerns about a higher risk of local and local-regional failure. Yet with the increasing use 

of computed tomography (CT) screening, there will be an expected tripling in the detection 

of early stage NSCLC [2,7], this has ignited a renewed interest for the broader use of 

sublobar resections as a possible treatment option. This interest has resulted in an ongoing 

prospective randomized trial (Cancer and Leukemia Group B 140503) that will compare the 

results of sublobar resections to lobectomy in early stage lung cancer.

The timing and benefit of post-operative surveillance in patients who undergo more limited 

resections is unknown; the expectation, however, would be that if there is a higher incidence 

of curable disease detected radiographically following surgery, the potential benefit of 

screening should be greater [8]. However, while some studies in these patients have shown 

that follow-up CT scans can be useful in detecting a new primary lung cancer, the data are 

less clear regarding detection of recurrences and the impact on overall survival [9,10]. In 

fact, some studies report that routine CT surveillance failed to detect asymptomatic 

recurrences or improve survival [11,12].

The primary aim of this study was to evaluate the patterns of recurrence in patients with 

early clinical stage NSCLC who were treated with a wedge resection, to analyze the survival 

of patients under routine follow up and to provide a rational CT scan surveillance regimen 

based on these patterns.

Materials and Methods

Patient Population

We performed a retrospective analysis of all patients between May 2000 and December 2012 

who underwent a wedge resection for clinical stage I NSCLC. Patients with tumor 

completely excised and with negative margin were included in the analysis. Lymph nodes 

were not routinely sampled. 56% had no lymph node station sampled, 21% had 1 station 

sampled, 20% had 2–3 stations sampled, and 3% had 4–6 stations removed.
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Indications for a wedge resection included patients with peripheral lesions less than 2 cm 

(n=364), previous anatomical lung resection (n=115), and poor pulmonary (n=24), cardiac 

function (n=80), or poor chronic renal failure (n=19). Staging was performed in accordance 

with the seventh edition of the AJCC Cancer Staging Manual [13]. Patients with previous 

surgically resected NSCLC were considered to have a new primary and were included in the 

study if the interval of time was more than 2 years and if there was no pathological 

correlation between these two cancers [14]. Reasons for exclusion included: recurrent lung 

cancers (n=49), synchronous cancers (n=154), any neoadjuvant treatment (n=16), any 

adjuvant treatment (n=31), completion lobectomy (n=15), satellite nodule in the same lobe 

(n=46) or in other lobes (n=40), incomplete resection, defined as microscopic or 

macroscopic residual tumor or margins involved by the tumor (n=135), carcinoid (n=69), 

and pure ground glass lesions with no solid component (n=38). In addition, patients who had 

scans done at an outside facility (n=44) were excluded if we were unable to review the 

images. Follow-up was conducted until April 2015. The study was approved by the 

Memorial Sloan Kettering Cancer Center Institutional review board.

CT Follow-up Protocol

All patients were regularly followed up with a computed tomography (CT) scan either with 

or without contrast (by physician choice). Scans were performed every 3 to 6 months for the 

first 2 years also according to physician preference, and then every 12 months. Other 

modalities of surveillance, such as positron emission tomography (PET), bronchoscopy or 

bone scans were not routinely performed. Each patient received also a physical examination 

and interval history at the time of each scan.

Recurrence and New Primary Lung Cancer

The type of recurrence, date of recurrence, imaging modality, and presence of symptoms 

were collected. Recurrence was classified as local if limited to the same lobe of the 

resection, local regional if involving the mediastinal or hilar lymph nodes or a different 

ipsilateral lobe from the location of the wedge resection, or distant including distant 

metastasis to other organs and diffuse pleural disease. Second primary tumors were recorded 

using the previously described criteria by Martini and Melamed [14]. Recurrences were 

documented with a biopsy and compared to the previous surgical specimen. A PET scan and 

brain magnetic resonance imaging (MRI) were used to complete the assessment of any 

recurrence.

Statistical Analysis

Descriptive statistics such as frequencies, medians, and ranges were utilized for patient and 

tumor characteristics. The primary endpoint was recurrence, which was analyzed using 

competing risks methods. New primary and death without recurrence or new primary were 

considered competing events. Time was calculated from date of surgery until recurrence, 

new primary, or death (whichever came first). Patients who were alive without recurrence or 

new primary were censored at the date of last available follow-up. Gray’s test was used to 

compare the cumulative incidence functions of subgroups in univariate analyses.
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The univariate associations of patient and tumor characteristics with local recurrence were 

also analyzed using competing risks methods. In addition to new primary and death without 

recurrence or new primary, regional recurrence and distant recurrence were also competing 

events.

Overall survival (OS) for the whole cohort was estimated from date of surgery until death 

using the Kaplan-Meier method. OS for the comparisons of patients who recurred or had a 

second primary lung cancer were calculated from date of documented recurrence or second 

primary lung cancer until death. Patients who did not die during the study period were 

censored at date of last available follow-up.

All p-values were two-sided, and p<0.05 was considered significant. All statistical analyses 

were done in R (version 3.2.0, The R Foundation for Statistical Computing) including the 

“survival” and “cmprsk” packages [15,16].

Results

Demographics: Four hundred and forty-six patients were included in the analysis. Median 

age was 70 years, and female patients represented 57% of the study population. 110 patients 

had a previous NSCLC that was treated surgically and presented at this time with a biopsy-

proven new primary NSCLC, and were consequently considered for limited surgical 

resection. Patient characteristics are summarized in Table 1. Median follow-up for survivors 

(n=283) was 44.6 months (range 0.8–145.4). 163 patients died, with a median OS of 82.6 

months. Most follow-up CT scans were performed without contrast (n=318, 71%). During 

the first two years following surgery, the median interval between CT scan was 5.9 months; 

14 patients had a scan every 3 months, 44 patients had a scan every 4 months, 367 patients 

had a scan every 6 months, and 21 patients every 8–12 months. After two years, all patients 

were scanned yearly.

Recurrence Patterns: During follow-up, 36 (8%) patients were diagnosed with new primary 

NSCLC and 152 (34%) with recurrence. Only 10 of these patients were symptomatic; one 

patient with a new primary, and 9 patients with recurrence, 2 of whom had brain metastases.

New Primary Cancers: Twenty-seven new primary lung cancers were diagnosed as stage I, 

one as stage IIa, 4 as stage IIIa and 4 as stage IV. Eighteen cancers were located on the left 

side, and 15 metachronous cancers presented on the same site of the previous primary lung 

cancer. The median interval between surgery and new metachronous primary lung cancer 

was 43.4 months. For patients with stage I/II lung cancer, radiotherapy was used in 7 

patients and surgery in 17 patients (wedge resection n=16, lobectomy n=1). Patients with 

stage IIIa were treated with chemotherapy and surgery (n=3) or chemotherapy only (n=1). 

Stage IV lung cancer presented with adrenal metastases (n=2), bone metastasis (n=1) and 

stomach metastasis (n=1); two patients were treated with palliative chemotherapy and two 

with supportive care.

Cancer Recurrence: 152 patients developed recurrent disease. Seventy-nine (52%) patients 

were diagnosed with a local recurrence. The median interval between surgery and local 

recurrence was 18.6 months (range 1.5 – 70.4). Forty-five (30%) patients presented with a 
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local-regional recurrence: 18 (40%) of these patients recurred in the lymph nodes only, 

including mediastinal nodes (n=13) and hilar nodes (n=5). 7 patients recurred with a lung 

lesion in a different ipsilateral lobe. The median interval between surgery and regional 

recurrence was 16.6 months (range 3.6 – 80.1). Twenty-eight (18%) patients presented with 

distant (n=15) or combined local and distant recurrence (n=13) (Figure 1), and 2 of these 

patients presented with a solitary recurrence in the chest wall including one each involving 

the lung and the diaphragm. The most frequent metastatic site was bone (n=10), followed by 

brain (n=6), liver (n=5), adrenal glands (n=3), disseminated pleural disease with effusion 

(n=3), and pleura and diaphragm (n=1). The median interval between surgery and distant 

recurrence was 16.0 months (range 4.5 – 67.8).

The cumulative incidence of all recurrences at 1, 2 and 3- years was 11.2%, 22.4% and 

30.9%, respectively. The overall cumulative incidence of recurrence consistently increased 

over the course of the first 5 years, and plateaued after 5 years (Figure 2). The cumulative 

incidence of local recurrences at 1, 2 and 3- years was higher than the cumulative incidence 

for regional and distant recurrences: 5.2, 11.1 and 14.9% vs 3.7, 6.6 and 9.5% vs 2.3, 4.7, 

and 6.4%, respectively (Figure 3). There was no difference in the cumulative incidence of 

recurrence whether screening was done with CT scans with or without contrast (p=0.18, 

Figure 4). Patients scanned every 3–4 months have a higher CIR, 3-yr CIR 46.7% vs. 28.6% 

for 6–8 months vs. 21.4% for 12 months in the first two years.

Outcomes after Recurrence: OS in patients with a second primary lung cancer was 

significantly better when compared to patients with a recurrence (p=0.006). Patients with a 

new primary lung cancer had a median OS of 68.0 months (95% CI 68.0 – NA mo) 

following the diagnosis of the second primary. In patients with a recurrence, there was a 

significant difference in terms of median OS following the diagnosis of local, local regional, 

and distant recurrences: 40.5 months (95% CI 27.4 – 59.2 mo), 16.9 months (95% CI 13.8 – 

36.4 mo) and 13.3 months (95% CI 8.6 – 19.4 mo), respectively (p<0.001). Patients with a 

distant recurrence were mainly treated with chemotherapy, while two patients were treated 

with surgery for solitary brain metastasis. Patients with regional recurrences were treated 

mainly with chemotherapy (n=17), combination of chemotherapy and radiotherapy (n=11), 

radiofrequency ablation and radiotherapy alone in 4 cases, surgery for 5 patients, and 

surgery in combination with chemotherapy (n=3). Fifteen patients with local recurrence 

were treated surgically, and 17 were treated with ablation or radiotherapy (Table 1).

Predictors of Local Recurrence: At univariate analysis only the diameter as a continuous 

variable was significantly associated with local recurrence (p<0.05). Dichotomizing tumor 

diameter at 2 cm, there was a trend of increased risk of local recurrence for tumors bigger 

than 2 cm (Table 2).

Comment

In this study, we show that there is a high incidence of asymptomatic recurrent disease 

following a wedge resection for clinical stage I NSCLC, in fact much higher than what 

would be expected after a standard lobectomy. As previously published by this group 

sublobar resection is an independent risk for recurrence [17], like the micropapillary subtype 

component of resected adenocarcinoma which can increase the risk of local recurrence [18].
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While metachronous cancers occurred in 8% of patients as expected based on previous 

lobectomy series [9], 34% of patients developed disease recurrence. Most (82%) of the 

recurrences were local and regional, while metastatic disease represented only 18% of all 

recurrences. The risk for developing recurrent disease appeared to plateau after 2 years for 

distant recurrences, while it appeared to plateau after 5 years for local and regional 

recurrences. Once detected and treated, patients with metachronous cancers lived longest, 

followed by patients with local, regional, and then distant recurrences. In this series, patients 

who developed a distant recurrence were treated primarily with chemotherapy, while 

patients with metachronous disease, local recurrences, and regional recurrences were mostly 

treated with curative intent using various combinations of radiation, ablation, chemotherapy, 

and sometimes surgery.

The main rationale for screening patients following resection for lung is to improve 

outcomes. Only a prospective randomized trial can definitively prove this link. In patients 

who undergo a lobectomy, NCCN guidelines support imaging for follow-up, yet there 

remains significant variability in the timing and type of imaging modalities [9]. Moreover, it 

remains controversial whether imaging is even associated with improved survival in patients 

who undergo an anatomic lung resection. With regards to the timing of disease recurrences, 

as previously reported from a study done in this institution, the risk of recurrence remained 

consistent for up to 4 years after anatomical lung resection [10].

While this study is incapable of establishing a causal association between close post-

operative screening and survival following a wedge resection, there are some circumstantial 

findings that support a possible benefit. Firstly, 36 new primary lung cancers were 

discovered during follow-up in our population, and only one was symptomatic at the time of 

the CT scan. All of these tumors were detected by CT scan at an early stage and were 

amenable to a curative treatment. These findings were confirmed by previous studies 

[3,4,19]. Lamont et al. showed a 15% rate of newly detected primary lung cancer at an early 

stage, all of which were asymptomatic. They showed that the survival of patients with newly 

detected primary lung cancer was significantly higher compared to that of the patients with 

local recurrence [11].

With regards to recurrence detection, the majority of the recurrences were local and regional, 

asymptomatic, and re-treated with curative intent. While their survival was not as good as 

the metachronous cancers, patients with a local recurrence had a 5-year post-re-treatment 

survival rate of 32.0%. Presumably, had these patients not been screened and treated they 

would have progressed to an incurable stage. In our study the cumulative incidence of 

recurrence was higher in patients scanned every 4 months compared to the ones scanned 

every 6 or 12 months in the first two years. These data have to be analyzed very carefully 

because the groups are not homogenous and selection biases can effect this finding: the 

number of lepidic adenocarcinoma was significantly higher in the group scanned every 6 

months and the squamous cell cancer was significantly higher in the group of patients 

scanned every 4 months.

The literature findings regarding screening are mixed. One meta-analysis showed an 

improved survival in patients who underwent close follow-up [20]. Westeel and Choi’s 
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reports showed an improvement in survival of asymptomatic patients with recurrence 

[17,18], but other papers did not show any improvement in survival in patients under CT 

scan surveillance, regardless of the site of recurrence [19,21].

This paper did not evaluate if sublobar resection is equivalent or superior to a lobar resection 

for patients with NSCLC and did not analyze indications for sublobar resections. The 

primary limitation of this study is that it is retrospective, so proving a causal association 

between screening and outcome is not possible. Furthermore, the population in this study 

underwent a wedge primarily because of medical co-morbidities; it is unclear whether a 

healthier population would show a similar association. One could speculate, however, that if 

anything, more treatment options would be available to treat healthier patients with a 

metachronous or local/regional recurrence such that close screening might provide greater 

benefit.

In conclusion, there is a high incidence of potentially curable recurrences following a wedge 

for lung cancer that are detectable with a CT scan. Since the cumulative incidence of 

recurrence increases for the first 5 years following surgery, we feel that close monitoring 

with a CT scan with no contrast every 6 months for the first 5 years is supported by our data. 

In the routine practice this should allow to detect early recurrence potentially still curable.
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Figure 1. 
Ven diagram of the different pattern of recurrence

Bille et al. Page 9

Ann Thorac Surg. Author manuscript; available in PMC 2017 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
The cumulative incidence of recurrence in our study population (n=446)
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Figure 3. 
The cumulative incidence of local, regional and distant recurrences
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Figure 4. 
The cumulative incidence of recurrence between CT scans with or without contrast
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Table 1

Patient characteristics (n=446)

Characteristic No %

Sex T

 Male 190 43

 Female 256 57

Age, y median (range) 70 (47–90)

 ≤ 70 224 50

 > 70 222 50

Median FEV1% (range) 84 (25–161)

Median Diffusion capacity (range) 75.5 (19.3–163.0)

Previous history of lung cancer

 No 336 75

 Yes 110 25

Other cancers

 No 239 54

 Yes 207 46

Surgical Approach

 Open or VATS converted 137 31

 VATS 309 69

Side

 Right 261 59

 Left 185 41

Location

 Right upper lobe 149 33

 Right middle lobe 14 3

 Right lower lobe 99 22

 Left upper lobe 122 27

 Left lower lobe 62 14

Median diameter of lesion cm (range) 1.4 (0.1 – 6.5)

pT stage

 T1a 316 71

 T1b 53 12

 T2 77 17

Median SUVmax (range)* 2.8 (0 – 23)

Histology

 Adenocarcinoma 252 57

 Lepidic 115 26

 Squamous 63 14
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Characteristic No %

 Other 16 4

Vascular invasion

 No 285 64

 Yes 114 26

 Unknown 47 11

Visceral plaural inolvement

 No 377 85

 Yes 69 15

Postoperative complication

 No 383 86

 Yes 63 14

Median length of stay, days (range) 3 (1 – 39)

CT scan

 With contrast 128 29

 Without contrast 318 71

Interval follow-up first two years

 3 14 3

 4 44 10

 6 367 82

 8 10 2

 12 10 2

Treatment of recurrence/new primary

 Chemotherapy and radiotherapy 23

 Radiotherapy/ablation 68

 Surgery 30

 Chemotherapy and surgery 14

 None 17

*
SUVmax=0, patients with no avid lesions
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Table 2

Univariate analysis of local recurrence

Characteristics HR 95% CI p value

Age (> 70 vs. ≤ 70) 1.40 (0.90 – 2.18) 0.14

Sex (female vs. male) 0.94 (0.61 – 1.46) 0.79

Previous lung cancer (yes vs. no) 1.46 (0.93 – 2.31) 0.10

Other cancer (yes vs. no) 0.94 (0.61 – 1.47) 0.79

SUVmax (continuous) 1.02 (0.96 – 1.09) 0.54

Diameter (continuous) 1.38 (1.13 – 1.69) 0.002

Size (cm) (> 2 vs. ≤ 2) 1.56 (0.95 – 2.56) 0.082

Histology

 Lepidic vs. Adenoca 0.94 (0.55 – 1.62) 0.82

 Squamous vs. Adenoca 1.44 (0.79 – 2.59) 0.23

 Other vs. Adenoca 0.65 (0.16 – 2.61) 0.55

Visc Pleura involvement (yes vs. no) 1.12 (0.61 – 2.05) 0.72

Laterality (left vs. right) 0.97 (0.62 – 1.52) 0.89

Location of tumor

 RML vs. RUL 0.29 (0.04 – 2.26) 0.24

 RLL vs. RUL 0.70 (0.38 – 1.29) 0.25

 LUL vs. RUL 0.91 (0.53 – 1.56) 0.73

 LLL vs. RUL 0.53 (0.24 – 1.14) 0.10

HR hazard ratio; CI confidence interval
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