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Abstract

Background Local therapy for stage I non-small cell lung

cancer (NSCLC) is divided into surgical and radiation

treatment, and given to patients unable to tolerate a

lobectomy. A prospective phase II study of cases that

received stereotactic body radio therapy (SBRT)

(JCOG0403) revealed an overall 3-year survival rate (3-

YSR) of 76.0 %, 3-year relapse free survival rate (3-YRFS)

of 69.0 %, and rate of morbidity of grade 3 or greater of

9 %. However, few prospective multicenter studies have

reported regarding surgery for high-risk stage I NSCLC

patients.

Methods We investigated this issue in the setting of a

prospective multicenter observational study. Thirty-two

high-risk NSCLC patients (30 males, 2 females; median

age 74 years, 61–85 years) were analyzed.

Results Two (6.3 %) showed morbidity of grade 3 or

greater, though there were no postoperative deaths. The

margin local control rate was 97.0 % (surgical margin

recurrence, 1) and local recurrence control rate was 75.0 %

(ipsilateral thorax recurrence, 8), while the 3-YSR and

3-YRFS was 79.0 and 75.9 %, respectively.

Conclusion A sublobar pulmonary resection for patients

unable to tolerate a lobectomy with stage I NSCLC was

shown to be safe and provided results comparable with

those of SBRT.
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Introduction

Local therapy for patients with clinical stage I non-small

cell lung cancer (NSCLC) who are unable to tolerate a

lobectomy varies, though radiation therapy and surgery are
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commonly used. A multicenter prospective phase II study

of operable clinical stage IA NSCLC patients (JCOG 0403)

revealed a 3-year survival rate (3-YSR) of 76 %, 3-year

relapse-free survival rate (3-YRFS) of 79 %, and rate of

occurrence of adverse effects with grade 3 or greater of

9 % after treatment with stereotactic body radiation ther-

apy (SBRT) at a dose of 48 Gy [1]. On the other hand,

some reports of sublobar pulmonary resection of stage I

NSCLC in patients with no tolerance for a lobectomy have

revealed that such a procedure was acceptable due to low

rates of morbidity and mortality [2–8]. However, all reports

thus far presented with respect to a limited operation for

such high-risk patients were retrospective and a prospec-

tive examination is considered to be important to clarify

the efficacy of surgery.

The purpose of the present study was to prospectively

investigate the efficacy and safety of a sublobar pulmonary

resection procedure for patients with clinical stage I

NSCLC who are unable to tolerate a lobectomy.

Subjects and methods

The current study was performed as a prospective clinical

multicenter study with a central registration method. Cases

with positive histologic and cytology findings, and imaging

results suspicious of clinical stage I NSCLC were col-

lected, with those with a final diagnosis other than NSCLC

not subjected to analysis (Fig. 1).

The enrolled patients showed a predicted postoperative

forced expiratory volume in 1 s (ppo-FEV1) of less than

800 ml after undergoing a lobectomy or were judged by a

certified thoracic surgeon to be physically unable to

undergo a lobectomy, though a sublobar resection was

considered tolerable regardless of co-morbidity. Patients

with a lesion showing ground grass opacity in more than

75 % of the area or with active malignant disease other

than the original lung cancer were excluded. We antici-

pated accumulation of approximately 125 patients for this

study over a 4-year period (April 2004–March 2008) with

an observation period from the day of enrollment of

3 years, for a total period of 7 years.

The primary endpoint was overall survival, while the

secondary endpoints were recurrence-free survival, recur-

rence pattern, and rate of adverse events. The protocol was

initially approved by the institutional review board (IRB)

of Osaka University Medical Hospital, where the main

office in charge of this study was located, after which the

IRB of each other participating institution gave their

approval. Prior to enrollment, all patients provided

informed consent to participate in the study. In addition,

treatment for each was started after confirmation of the

accuracy of the diagnosis by the main study office.

Patient background factors examined were gender, age at

enrollment, tumor diagnosis, past history, comorbidity,

smoking status, and clinical stage. Mandated image exam-

inations included chest X-ray, chest computed tomography

(CT), abdominal CT or ultrasound sonography (US), brain

CT or magnetic resonance imaging (MRI), and

fludeoxyglucose positron emission tomography (FDG-PET)

scanning or bone scintigraphy within 28 days prior to reg-

istration in the study. In addition, patient complaints along

with performance status, laboratory data (peripheral blood

count, biochemistry), pulmonary function test, and exercise

capacity test results were recorded within 14 days before

registration. Surgery-related parameters were pathological

diagnosis, pathological stage, location of tumor (right or

left, segment, classification of Lewis [9]), stapling method

[10], tumor size, minimum distance from margin to tumor,

cytology result of saline used to wash stapler, operation

time, blood loss, days of drainage, postoperative compli-

cation, and days of hospital stay. Adverse effects were

defined according to the Common Terminology Criteria for

Advance Events, ver. 3.0 (CTCAE v. 30) [11]. Clinical

examinations were performed in April and October of every

year of the study as a rule.

Results

Patient background

Thirty-six patients from 8 institutions were enrolled and

subjected to analysis, of whom 32 (12 preoperatively) were

diagnosed with NSCLC. Background information for these

patients is summarized in Table 1. Comorbidities such as

chronic obstructive pulmonary disease (COPD),

Pulmonary nodule (C-stage I), n=36 

Not analyzed 

NSCLC, n=12 

Enrolled, n=36 

No diagnosis, n=24 

Operation, n=36 

NSCLC, n=32 No NSCLC, n=4 

Observation 

Fig. 1 Flow chart of patient enrollment in KLSG-0801. Patients with

non-small cell lung cancer were analyzed. NSCLC, non-small cell

lung cancer
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arrhythmia, heart disease, interstitial pneumonia, diabetes

merits, and rheumatoid arthritis were observed in 31, while

smoking was noted in 27. The reason for not choosing a

lobectomy was ppo-FEV1\800 ml in 11 cases and severe

comorbidity in 21.

Tumor characteristics

The tumor characteristics are shown in Table 2. The

median size was 2.0 cm (1.0–3.5 cm) and median distance

from the surgical margin to the tumor was 1.6 cm

(0.5–3.5 cm). Among the 36 patients, the final pathological

diagnosis was lung cancer in 33, metastatic pulmonary

tumor from colon cancer in 2, and tubercular nodule in 1.

In addition, among the lung cancer cases, adenocarcinoma

was seen in 15, squamous cell carcinoma in 14, adeno-

squamous cell carcinoma in 1, and small cell carcinoma in

1, thus 32 cases of NSCLC were analyzed following a

standard protocol.

Outcome of surgery

The median operation time was 106 min (47–384 min) and

median blood loss was 10 ml (0–350 ml). The pathological

stage was IA in 25 and IB in 7 cases, while the duration of

drainage was 2 days (1–8 days) and median post-operative

hospital stay was 12 days (5–35 days). The side of tumor

occurrence was right in 13 cases and left in 19. In addition,

using the classification of Lewis, the location was Easy in

18 cases (Apex in 6, Edge in 11, Lingual in 1) and Difficult

in 14 cases (Basal in 2, Large ovoid surface in 12).

The operation method utilized was wedge resection in

23 cases, segmentectomy converted from wedge resection

in 1, and segmentectomy in 8. The type of resection was

Type A in 24, Type B-1 in 1, and Type B-2 in 7. Five cases

had a positive margin cytology, the details of which are

summarized in Table 3. Three patients died within 3 years

from the operation due to the original lung cancer. Among

5 patients who suffered from relapse, 4 had a margin dis-

tance less than the size of the tumor. There were no early

postoperative deaths, while 5 cases (15.6 %) showed per-

formance status progression (from 0 to 1 in 1, 0 to 2 in 1, 1

to 2 in 1, 1 to 3 in 2).

As shown in Table 4, adverse effects were noted in 18

cases (56.3 %), including nausea in 2, vomiting in 1,

appetite loss in 2, fatigue in 2, fever in 4, pain in 17,

bronchi-pulmonary fistula in 2, and prolonged delay of

awareness in 1 (overlap permitted). Adverse effects with a

grade of at least 3 were atrial fibrillation in 1 (3.1 %) and

bronchi-pulmonary fistula in 1 (3.1 %) patient (for whom

pleurodesis was performed), both of whom recovered.

The median observation period was 39 months

(5–71 months) and outcome was alive in 23 patients, death

Table 1 Patient characteristics

Gender (male, female) 30, 2

Age, median years (range) 74 (61–85)

Preoperative diagnosis (?, -) 12, 20

Past disease history (?, -) 24, 8

Comorbidity (?, -) 31, 1

Smoking (?, -, unknown) 27, 4, 1

Performance status (0, 1) 19, 13

Dyspnea (Hugh-Jones I, II, III) 12, 18, 2

FEV1, median ml (range) 1800 (790–3030)

%FEV1, median (range) 61.5 (27.8–114)

%DLCo, median (range) 73.9 (25.0–128)

PaO2, median torr (range) 83.3 (68.3–106)

PaCO2, median torr (range) 41 (31–47.1)

SpO2, median % (range) 97 (95–100)

Main factor for sublobar resection

COPD (ppo FEV1\800 ml)a 11

Heart failure 5

Diabetes metritis 5

Advanced age 5

Interstitial pneumonia 3

Contralateral lobectomy 1

Abdominal aortic aneurysm 1

Arrhythmia 1

a ppo predicted postoperative

Table 2 Tumor and surgical characteristics

Tumor histology (AD, SQ, others) 15, 14, 3

Clinical Stage (IA, IB) 30, 2

Pathological stage (IA, IB) 25, 7

Side (right, left) 13, 19

Lobe (upper, middle, lower, unknown) 12, 1, 12, 5

Computed tomography findings

Tumor diameter, median cm (range) 2.1 (1.0–4.3)

Distance from pleura, median cm (range) 0 (0-2.0)

Pleural indentation (?, -, NA) 14, 12, 6

Inter-operative findings

Location (easy, difficult) 18, 14

Tumor size, median cm (range) 2.0 (1.0–3.5)

Margin distance, median cm (range) 1.6 (0.5–3.5)

Margin cytology (positive, negative, NA) 5, 17, 10

Pulmonary resection (wedge, wedge-seg, seg) 23, 1, 8

Stapling type (A, B-I, B-II, C) 24, 1, 7, 0

Operation time, median minutes (range) 106 (47–348)

Blood loss, median ml (range) 10 (0–350)

Drainage, median days (range) 2 (1–8)

AD adenocarcinoma, SQ squamous cell carcinoma, NA not available,

seg segmentectomy
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due to original disease in 4, and death due to other disease

in 5, of whom 9 showed cancer recurrence. The pattern of

recurrence was local recurrence without distant metastasis

in 7 cases (ipsilateral lung in 3, pleura in 2, mediastinum

lymph node in 1, surgical margin in 1), simultaneous local

(pleura) and distant (liver) recurrence in 1, and distant

metastasis (contralateral lung) in 2, while no recurrence

was seen in 23 cases. The accumulated 3-YSR was 79.0 %

(Fig. 2a) and accumulated 3-YRFS was 75.9 % (Fig. 2b),

while the accumulated 3-year surgical margin recurrence-

free survival rate and 3-year local recurrence-free survival

rate was 97.0 and 75.0 %, respectively.

Discussion

The standard treatment for non-advanced NSCLC is a

lobectomy associated with lymph node resection up to the

mediastinum, while sublobar resection is chosen in cases

with high-risk factors related to the standard operation. In

historical retrospective studies, it has been reported that the

5-YSR of patients undergoing a limited operation ranges

from 20 to 69 % and the rate of recurrence from 14 to

25 %, indicating a high potential of recurrence and sur-

vival [2–8].T
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Table 4 Postoperative complications according to CTCAE v. 3.0

Grade

1 2 3 4 5

Nausea 1 1 0 0 0

Vomit 1 0 0 0 0

Appetite loss 1 1 0 0 0

Fatigue 1 1 0 0 0

Diarrhea 0 0 0 0 0

Constipation 0 0 0 0 0

Fever 3 1 0 0 0

Arrhythmia 3 0 1a 0 0

Heart failure 1 0 0 0 0

Rush 0 0 0 0 0

Aphtha 0 0 0 0 0

Pneumonia 0 0 0 0 0

Bleeding 0 0 0 0 0

Neuropathy 0 0 0 0 0

Arthritis 0 0 0 0 0

Pain 13 4 0 0 0

Bronchi-pulmonary fistula 0 1 1a 0 0

Other 0 1 1b 0 0

Any 15 7 1 0 0

a Both arrhythmia and bronchi-pulmonary fistula occurred in same

patient
b Prolonged intubation after surgery
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In addition to pulmonary resection, several types of local

therapy for NSCLC have been reported, such as conventional

2-dimensional radiation therapy (2-DRT) [12], stereotactic

body radiation therapy (SBRT) [13], radiofrequency abla-

tion therapy (RFA) [14], and cryoablation surgery (CS) [15].

Both RFA and CS are performed within the limits of

exploration, thus clinical data are scant, while reports of

cases that received 2-DRT have revealed moderate rates of

loco-regional recurrence and adverse effects. On the other

hand, those of SBRT indicate its use as primary radiation

therapy for local treatment of lung cancer. In previous mul-

ticenter prospective phase II studies of SBRT, the 3-YSR

varied from 43 to 83 %, the 3-YRFS from 92 to 98 %, and

adverse effects of grade 3 or greater from 3 to 28 % [16–23].

Although a sublobar resection is occasionally performed

as interventional therapy, there is scant evidence from

prospective studies, thus it is very important to assess the

clinical implications of that procedure for NSCLC. Few

reports have noted such findings as tumor location, margin

distance, and surgical margin cytology. In the present multi-

institutional study, we found that adverse effects with a

grade of 3 or more occurred in only 2 cases (6.2 %), which

was similar to the findings of previous retrospective studies

of sublobar resection for NSCLC [2–8] and prospective

studies of SBRT [16–23]. As for local control in our

patients, only 1 (3.1 %) had surgical margin recurrence, for

a local control rate of 97.0 %, which was considered to be

acceptable. Factors related to surgical margin recurrence

have been reported to include a cytological malignant

positive margin, tumor vessel invasion, tumor location, and

insufficient tumor margin distance [10, 24], while the pre-

sent cases with surgical margin recurrence showed positive

surgical margin cytology findings. In addition, a previous

clinical investigation revealed that a positive margin

cytology result was an indicator of not only possible sur-

gical margin recurrence, but also other types of recurrence

and poor survival [25]. Indeed, of the 5 present cases of

malignant margin cytology findings, recurrence occurred in

the pleura in 3 (60 %), indicating that a malignant positive

surgical margin is a predictor of pleural recurrence as well

as surgical margin recurrence.

Two phase III trials that compared between SBRT and

surgery were recently reported (STARS, ROSEL) [26].

Their results of combination analysis revealed a 3-YSR of

95 % in the SBRT group and 79 % in the surgery group, as

well as a 3-YRFS of 86 and 80 %, respectively, in those

groups [26]. The authors concluded that SBRT is feasible as

treatment for patients with stage I NSCLC who are able to

undergo surgery. However, the number studied was not

sufficient, while the feasibility for patients with low physical

stamina for a lobectomy remains unclear. Therefore, it is

recommended that a phase III study with a larger patient

population unable to undergo a lobectomy be conducted. In

addition, the annual report of the Japanese Association for

Thoracic Surgery noted that a sublobar pulmonary resection

is extremely safe [27], thus it is reasonable to state that this

operation method has crucial clinical implications for high-

risk patients. Although the present study is limited by the

number of cases, as that was less than the anticipated amount

of 125, this is the first multicenter prospective study of stage I

NSCLC patients unable to tolerate a lobectomy who under-

went a sublobar pulmonary resection procedure.

Conclusion

For clinical stage I NSCLC patients unable to tolerate a

lobectomy, a sublobar pulmonary resection was found to be

safe and provided acceptable results.
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