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ABSTRACT

Background. Anatomic resection with lymph node dis-

section or sampling is the standard treatment for early non-

small cell lung cancer (NSCLC), and wedge resection is an

option for compromised patients. This study aimed to

determine whether wedge resection can provide compara-

ble prognoses for elderly patients with NSCLC.

Methods. The study analyzed the clinicopathologic find-

ings and surgical outcomes during a median follow-up

period of 39.6 months for 156 patients with solid dominant

(consolidation-to-tumor ratio [ 0.5) small (whole tumor

size B 2 cm) NSCLC among 892 patients 80 years of age

or older with medically operable lung cancer between April

2015 and December 2016.

Results. The 3-year overall survival (OS) rates after

wedge resection and after segmentectomy plus lobectomy

did not differ significantly (86.5 %; 95 % confidence

interval [CI], 74.6–93.0 % vs 83.7 % 95 % CI, 74.0–90.0

%; P = 0.92). Multivariable Cox regression analysis of OS

with propensity scores showed that the surgical procedure

was not an independent prognostic predictor (hazard ratio

[HR], 0.84; 95 % CI, 0.39–1.8; P = 0.64). The 3-year OS

rates were slightly better after wedge resection for 97

patients who could tolerate lobectomy than after segmen-

tectomy plus lobectomy (89.4 %; 95 % CI, 73.8–95.9 % vs

75.8 %; 95 % CI, 62.0–85.2 %; P = 0.14). The cumulative

incidence of other causes for death was marginally higher

after segmentectomy plus lobectomy than after wedge

resection (P = 0.079).

Conclusions. Wedge resection might be equivalent to

lobectomy or segmentectomy for selected patients 80 years

of age or older with early-stage NSCLC who can tolerate

lobectomy.
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The ongoing, prospective, randomized Japanese Clinical

Oncology Group 0802/West Japan Oncology Group 4607L

(JCOG0802/WJOG4607L) trial1 mainly compares prog-

noses and postoperative pulmonary functions between

patients treated with anatomic segmentectomy and those

treated with lobectomy for early-stage non-small cell lung

cancer (NSCLC) when the whole tumor size, including

ground glass opacity (GGO), is 2 cm or smaller and the

consolidation-to-tumor (C/T) ratio is higher than 0.5 (i.e., a

solid dominant tumor) on high-resolution computed

tomography (CT) images. The Cancer and Leukemia

Group B (CALGB) 140503 trial2 is similar, but sublobar

resection in that study comprises segmentectomy and

wedge resection. Although the standard surgical procedure

for lung cancer is lobectomy with lymph node dissection or

sampling.3,4 this could be changed from lobectomy to

segmentectomy for early-stage NSCLC if the results of

these randomized trials are positive. Anatomic resection

including segmentectomy and lobectomy is considered a

possible standard treatment for such populations based on

previous clinical findings of patients who were mostly

younger than 80 years.5 However, the prevalence of octo-

genarians with NSCLC is increasing.

Patients 80 years of age or older are assumed to be at

higher risk for anatomic resection than those younger than

80 years.6,7 Thus, whether anatomic or wedge resection

would be optimal for such populations has remained

unclear. Although similar prognoses, fewer postoperative

complications, and fewer other causes of death after wedge

resection than after anatomic resection have been repor-

ted,8 lobectomy tolerance has remained unknown. Thus,

the group treated by wedge resection in that study included

compromised patients who could not tolerate lobectomy,

and the anatomic resection group included patients with

centrally located tumors that could not be eliminated by

wedge resection.

The Japanese Association for Chest Surgery (JACS)

conducted a nationwide, multicenter, large-scale, prospec-

tive, observational cohort study of postoperative risk and

prognosis scores for elderly patients, especially those 80

years of age or older, with medically operable lung cancer

(JACS1303), which was published in 2016.9 The data

include preoperative Charlson Comorbidity Indices (CCIs),

tumor location, and preoperative pulmonary function so

wedge and anatomic resection could be compared among

octogenarians who could tolerate lobectomy in the

database.

The current study aimed to determine the prognostic

ability and short-term outcomes, including operative find-

ings and postoperative complications, of the extent of lung

resection for peripherally located tumors in patients 80

years old or older with tumors 2 cm or smaller who had a

C/T ratio higher than 0.5 in the JACS1303 database and

could tolerate lobectomy.

METHODS

Patient Eligibility

Between April 2015 and December 2016, 1019 patients

80 years of age or older with medically operable lung

cancer at 82 institutions were enrolled in the JACS1303

cohort (UMIN000016756). A comprehensive surgical risk

score was devised to predict postoperative complications

for 895 of these patients.10 Briefly, additional inclusion

criteria comprised no previous chemotherapy or radiation

therapy for lung cancer, sufficient organ function, mea-

surable preoperative comprehensive geriatric assessment,

and written informed consent.

Among the 895 patients who underwent surgical resec-

tion for primary lung cancer and had sufficient clinical

records for comprehensive surgical risk score analyses of

predictive postoperative complications, we analyzed 156

who had whole tumors 2 cm in size or smaller, including

GGO components, and a C/T ratio higher than 0.5 (solid

dominant). The C/T ratio was defined as the maximum

consolidated diameter divided by the maximum tumor

diameter. The 156 patients were followed up for a median

of 39.6 months (range, 11.8–54.3 months).

We defined fitness for lobectomy according to the

JCOG0802/WJOG4607L1 criteria of tumor location and

pulmonary functions as peripherally located tumors cen-

tered in the outer third of the lung field with a predicted

postoperative forced expiratory volume in 1 s (FEV1)

greater than 800 mL and a preoperative Charlson Comor-

bidity Index (CCI) of 2 or lower.

Data Collection

The institutional review boards of all the participating

institutions approved the data collection and analyses.

After obtaining written informed consent from the patients,

recruiting clinicians completed case report forms describ-

ing the clinicopathologic factors of age, sex, smoking

status, tumor size and location, histologic subtypes

according to the World Health Organization classifica-

tion,11 and stage according to the seventh edition of the

tumor-node-metastasis (TNM) classification of lung and

pleural tumors.12 The condition of the patients was deter-

mined from performance status, pulmonary function

including percentage of vital capacity (%VC), FEV1, and

FEV1%. Comorbidity indices were calculated using the

CCI.13 Postoperative data also were collected.
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The follow-up evaluation of the patients after pulmonary

resection depended on the schedule of the participating

institutions. In general, the patients were followed up at 3-

to 6-month intervals for 3 years, at 6- to 12-month intervals

for the next 2 years, and then annually as required. The

follow-up evaluations included a physical examination and

routine laboratory tests including tumor markers, chest

x-rays, and chest and abdominal CT. Fluorodeoxyglucose-

positron emission tomography (FDG-PET) and brain

imaging were requested as required based on clinical

symptoms.

Statistical Analyses

Continuous and categorical variables were analyzed

using nonparametric Mann-Whitney U tests, Kruskal-

Wallis tests, and chi-square or Fisher’s exact tests. Overall

survival (OS) and progression-free survival (PFS) rates

were calculated from Kaplan-Meier curves, and two groups

were compared using univariable log-rank analyses. Prog-

nostic factors were determined by uni- and multivariable

analyses of OS using Cox regression. Background variables

with potential differences between wedge resection and

segmentectomy plus lobectomy were adjusted using

propensity score stratification.

Propensity scores were calculated using a logistic

regression model based on preoperative characteristics that

included age, gender, smoking status (pack-years), and

tumor size on high-resolution CT (HRCT). Stratified

propensity scores were included as covariates in multi-

variable Cox regression analyses of OS. The cumulative

incidences of all-cause lung cancer and other causes of

death were estimated considering competing risk according

to surgical procedures, and P values were calculated using

Gray tests.

All data were statistically analyzed using EZR, version

1.37 (Saitama Medical Centre, Jichi Medical University,

Shimotsuke, Tochigi, Japan), which is a graphic user

interface for R version 3.4.4 (The R Foundation for Sta-

tistical Computing, Vienna, Austria).14 Values with a

P value of 0.05 or lower were deemed statistically

significant.

RESULTS

Clinicopathologic Findings and Prognosis

for Octogenarians with Clinical Stage 1A Tumors 2 cm

or Smaller and a C/T Ratio Greater Than 0.5

The prevalence of males, smoking status, performance

status, tumor types, comorbidity indices, and preoperative

pulmonary functions were similar between the patients

after wedge and anatomic resection (Table 1). After

patients who underwent wedge resection had shorter sur-

gical durations, less blood loss during procedures, shorter

hospital stays, and lower frequencies of postoperative

complications than the patients who had anatomic resection

(Table 1). The 3-year OS and PFS rates were similar for the

patients after wedge and anatomic resections (P = 0.92

[Fig. 1], P = 0.76 [Fig. S1A]). Multivariable Cox regres-

sion analysis for OS using propensity scores showed that

the choice of surgical procedures was not a prognostic

factor (Table 2).

Clinicopathologic findings and prognoses also were

assessed among wedge resection, segmentectomy, and

lobectomy (Tables S1 and S2; Figs. S2 and S1C). The

patients who underwent wedge resection, had shorter sur-

gical durations and hospital stays, less blood loss during

procedures, and lower frequencies of postoperative com-

plications than those who underwent the other procedures

(Table S2), but OS and PFS did not differ significantly

among the three groups (Figs. S2 and S1C).

Clinicopathologic Findings, Prognoses,

and Cumulative Incidences of Death Among

Octogenarians with Clinical Stage 1A Tumors 2 cm

or Smaller and a C/T Ratio Greater Than 0.5 who were

Suitable for Lobectomy

We assumed that among the 156 patients, lobectomy

would be tolerated by 43 patients after wedge resection and

by 54 patients after and anatomic resection (including 14

segmentectomies and 40 lobectomies). That is, they met

the lobectomy-fitness criteria. Table 3 shows similar clin-

icopathologic findings between the total cohort and the

patients who met the lobectomy fitness criteria.

Although the difference did not reach significance, the

OS and PFS were slightly better for octogenarians with

small (B 2 cm) and solid predominant (C/T ratio [ 0.5)

clinical stage 1A tumors after wedge resection than after

anatomic resection (Fig. 2 and Fig. S1B). Moreover, the

cumulative incidences of other causes of death were mar-

ginally lower after wedge resection than after anatomic

resection (P = 0.079; Fig. 3).

The clinicopathologic findings, prognoses, and cumula-

tive incidences of death also were compared after wedge

resection, segmentectomy, and lobectomy (Tables S3 and

S4; Figs. S1D, S3, and S4). In terms of locoregional failure,

among 43 patients, 2 (4.7 %) had lung stump recurrence

and 1 (2.3 %) had intrathoracic lymph node recurrence

after wedge resection, whereas 1 (2.5 %) of 40 patients had

intrathoracic lymph node recurrence after lobectomy. The

rates of local and distant recurrence were comparable

among the patients after the three types of surgery

(Tables S5 and S6).
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TABLE 1 Clinicopathological

and intra-/postoperative

characteristics of patients 80

years of age or older based on

surgical procedures

Wedge Seg ? Lob P Value

Variables (n = 66)

n (%)

(n = 90)

n (%)

Age: years (IQR) 82.5 (81–84) 82 (81–84) 0.26

Gender

Female 27 (40.9) 38 (42.7) 0.87

Male 39 (59.1) 51 (57.3)

BI (IQR) 436 (0–1015) 240 0.55

PS

0 44 (66.7) 65 (72.2) 0.22

1 21 (31.8) 21 (23.3)

2 0 (0) 3 (3.3)

3 1 (1.5) 0 (0)

Unknown 0 (0) 1 (1.1)

Location

Central 2 (3.1) 13 (14.6) 0.025

Peripheral 62 (96.9) 76 (85.4)

Size: cm (IQR) 1.4 (1.1–1.6) 1.6 (1.4–1.8) \ 0.001

Type

Pure solid 47 (71.2) 66 (73.3) 0.86

Part solid 19 (28.8) 24 (26.7)

CCI (IQR) 2 (1–3) 1 (0–2.75) 0.26

FEV1% (IQR) 72.2 (65.4–76.7) 72.2 (65.9–78.4) 0.95

%VC (IQR) 100.6 (90.7–112.3) 101 (90.5–110.4) 0.87

Surgical duration: min (IQR) 81.5 (64–102) 187 (147–232) \ 0.001

Blood loss: mL (IQR) 5 (0–10) 41.5 (5–100) \ 0.001

Lymph node dissection

ND0 65 (98.5) 6 (6.7) \ 0.001

ND1 1 (1.5) 36 (40.0)

ND2 0 (0) 48 (53.3)

Hospital stay: days (IQR) 7 (5–10.3) 9 (7–13) 0.013

Pleurodesis 8 (12.3) 18 (20.2) 0.28

Transfusion 1 (1.5) 4 (4.8) 0.39

Complications (CG2) 7 (10.6) 16 (17.8) 0.26

(CG3) 0 (0) 5 (5.6) 0.073

Postoperative mortalitya 0 (0) 1 (1.1) 1

Histology

Adenocarcinoma 44 (66.7) 65 (74.7) 0.32

Squamous 20 (30.3) 17 (19.5)

Large cell 1 (1.5) 4 (4.4)

Others 1 (1.5) 1 (1.1)

pN

N0 66 (100) 81 (90) 0.023

N1 0 (0) 4 (4.4)

N2 0 (0) 5 (5.6)

Seg segmentectomy, Lob lobectomy, IQR interquartile range, BI Brinkman Index, PS performance status,

CCI Charlson comorbidity index, FEV1 forced expiratory volume in 1 s, VC vital capacity, ND0 no lymph

node dissection, ND1 hilar lymph node dissection, ND2, hilar and mediastinal lymph node dissection
aWithin 30 days after surgical resection
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DISCUSSION

The current findings showed that the OS after wedge

resection and anatomic resection comprising segmentec-

tomy and lobectomy was similar among octogenarians with

early-stage, NSCLC tumors 2 cm or smaller including

GGO components and a C/T ratio greater than 0.5. In fact,

wedge resection was associated with less toxicity, shorter

procedures, less operative blood loss, and fewer postoper-

ative complications than anatomic resection. Furthermore,

the prevalence of other causes of death was lower after

wedge resection than after anatomic resection. These

findings are important for deciding treatment strategies for

octogenarians with NSCLC.

The current study analyzed octogenarians with NSCLC

tumors 2 cm or smaller and a C/T ratio greater than 0.5.

Although the standard surgical procedure for this

population currently is lobectomy, segmentectomy also

will become a standard surgical procedure if the postop-

erative pulmonary function and prognoses are positive in

the JCOG0802/WJOG4607L1 and CALGB1405032 trials.

Therefore, we compared the outcomes between wedge

resection and segmentectomy plus lobectomy (standard

anatomic resection). The results showed similar prognoses

for both the total cohort and octogenarians who were

deemed fit to undergo lobectomy after the three types of

procedures.

In terms of OS, prognosis is affected by oncologic

aspects and general status including cardiopulmonary

function. Based on the association between wedge resec-

tion and fewer other causes of death than with

segmentectomy and lobectomy (Fig. 3 and Fig. S4), wedge

resection was less toxic in general over the long term. In

addition, wedge resection also was less toxic than anatomic

resection from the viewpoint of short-term surgical out-

comes including surgical duration, procedural blood loss,

and length of postoperative hospital stay. Similar to pre-

vious findings,3,15 fewer postoperative complications

occurred after wedge resection than after anatomic resec-

tion. Notably, severe postoperative complications did not

arise, and postoperative mortality was not increased among

the octogenarians after wedge resection.

On the other hand, the cumulative incidence of cancer

death was similar between wedge resection and anatomic

resection although oncologic control of NSCLC generally

is better after anatomic resection. One reason for this was

that the tumors were slightly smaller in the wedge resection

group. Another reason was less oncologic aggressiveness

because NSCLC with a whole tumor size of 2 cm or

smaller and a C/T ratio greater than 0.5 might have been

less malignant,16 which would have resulted in few dif-

ferences in oncologic control among the procedures. Even

if a smaller tumor is balanced, the prognosis might be at

least similar among surgical procedures because in this

study, OS was slightly better after wedge resection than

after anatomic resection.

Because the median follow-up duration was shorter than

5 years, we also assessed the PFS among the patients who

underwent the three types of surgical procedures. The

finding that PFS also was slightly better after wedge

resection than after anatomic resection, segmentectomy,

and lobectomy in the lobectomy-fit population supported

the OS data.

The OS was not better in the lobectomy-fit population

than in the unselected cohort after anatomic resection,

although it was slightly better after wedge resection. One

explanation might be that some compromised patients who

could not tolerate lobectomy underwent wedge resection,

whereas fewer compromised patients underwent anatomic
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FIG. 1 The 3-year survival rates for patients 80 years old or older

with clinical stage 1A tumors 2 cm or smaller and C/T ratios greater

than 0.5 according to surgical procedures. The 3-year OS rates for

patients after wedge and anatomic resections (segmentectomy and

lobectomy) (86.5 %; 95 % CI, 74.6–93.0 % vs 83.7 %; 95 % CI,

74.0–90.0 %; P = 0.92, log-rank tests) are shown. CI, confidence

interval; C/T, consolidation to tumor; OS, overall survival

TABLE 2 Multivariable Cox regression analysis of overall survival

according to surgical procedures

Variables Ref HR (95 % CI) P Value

Propensity scorea – –

Procedure Wedge Seg ? Lob 0.84 (0.39–1.8) 0.64

aPropensity scores for procedures were calculated using age, gender,

smoking, Charlson Comorbidity Index, and whole tumor size

HR hazard ratio, CI confidence interval, Seg segmentectomy, Lob
lobectomy
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TABLE 3 Clinicopathologic

and intra-/postoperative

characteristics of lobectomy-fit

patients 80 years of age or older

based on surgical procedures

Variables Wedge Seg ? Lob P Value

(n = 43) n (%) (n = 54) n (%)

Age: years (IQR) 82 (81–84) 82 (81–84) 0.52

Gender

Female 19 (44.2) 24 (45.3) 1

Male 24 (55.8) 29 (54.7)

BI (IQR) 120 (0–1015) 0 (0–840) 0.53

PS

0 32 (74.4) 37 (68.5) 0.94

1 11 (25.6) 15 (27.8)

2 0 (0) 1 (1.9)

3 0 (0) 0 (0)

Unknown 0 (0) 1 (1.9)

Location

Central 0 (0) 0 (0) NA

Peripheral 43 (100) 54 (100)

Size: cm (IQR) 1.3 (1.1–1.6) 1.6 (1.4–1.9) \ 0.001

Type

Pure solid 29 (67.4) 33 (61.1) 0.53

Part solid 14 (32.6) 21 (38.9)

CCI (IQR) 1 (1–2) 1 (0–2) 0.41

FEV1% (IQR) 74.2 (68.3–79.0) 73.3 (69.8–78.5) 0.83

%VC (IQR) 98.5 (87.8–108.5) 101.6 (92–112) 0.35

Surgical duration: min (IQR) 82 (65.5–101) 192 (148.5–235.5) \ 0.001

Blood loss: mL (IQR) 5 (0–17.5) 45 (5–100) \ 0.001

Lymph node dissection

ND0 42 (97.7) 4 (7.4) \ 0.001

ND1 1 (2.3) 24 (44.4)

ND2 0 (0) 26 (48.1)

Hospital stay: days (IQR) 7 (5.5–11) 10 (7–13.8) 0.022

Pleurodesis 4 (9.5) 13 (24.1) 0.1

Transfusion 1 (2.4) 3 (6.0) 0.62

Complications (C G2) 4 (9.3) 11 (20.4) 0.17

(C G3) 0 (0) 4 (7.4) 0.13

Postoperative mortalitya 0 (0) 1 (1.9) 1

Histology

Adenocarcinoma 31 (72.1) 40 (78.4) 0.44

Squamous 10 (23.3) 8 (15.7)

Large cell 1 (2.3) 3 (5.9)

Others 1 (2.3) 0 (0)

pN

N0 43 (100) 51 (94.4) 0.5

N1 0 (0) 1 (1.9)

N2 0 (0) 2 (3.7)

Seg segmentectomy, Lob lobectomy, IQR interquartile range, BI Brinkman Index, PS performance status,

NA not available, CCI Charlson comorbidity index, FEV1 forced expiratory volume in 1 s, VC vital

capacity, ND0, no lymph node dissection, ND1 hilar lymph node dissection, ND2 hilar and mediastinal

lymph node dissection
aWithin 30 days after surgical resection
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resection. Although borderline patients also might have

undergone anatomic resection, all the patients in that group

also were judged as able to tolerate lobectomy.

Lymph nodes were not sampled for most of the patients

treated by wedge resection. This study targeted early-stage

NSCLC based on preoperative findings. Hence, in terms of

preoperative clinical staging, our study population would

not have changed even if the lymph nodes in the wedge

resection group had been sampled for pathologic staging.

However, the global oncologic gold standard for all

NSCLC resections is lymph node dissection or sampling

for tolerant patients. Although intolerance due to factors

such as advanced age is one justification for omitting

lymph node sampling in some specific clinical situations, it

should be attempted with extreme caution. For instance,

one way to interpret the data is to consider that the three-

fold higher incidence of local recurrence after wedge

resection group versus lobectomy plus segmentectomy

might be due to the omission of lymph node-sampling. In

addition, although the prognosis was comparable between

wedge resection and lobectomy plus segmentectomy dur-

ing approximately 3 years of follow-up evaluation, the

influence of omitting of lymph node-sampling on prognosis

might become apparent only after 5 years of follow-up

evaluation. Thus, lymph nodes should be sampled during

wedge resection for tolerant patients.

A previous study found that OS is not inferior after

wedge resection compared with anatomic resection,8 but

the preoperative findings that were applied to determine

surgical procedures, such as tumor location and comor-

bidity, were not included in the report. Thus, we had less

selection bias than that study. We determined lobectomy

tolerance based on peripheral tumor location, pulmonary

function defined as more than 800 mL of predicted post-

operative FEV1, and a preoperative Charlson Comorbidity

Index of 2 or lower. The lobectomy fitness criterion of the

tumor location was assumed from a prospective random-

ized study that compared wedge resection and anatomic

resection. Therefore, lobectomy-fitness data will support

the design of clinical trials to determine optimal surgical

procedures for elderly patients with early-stage NSCLC.

On the other hand, the focus of the current study was a

specific population such as that in the JCOG0802/

WJOG4607L prospective clinical trial.1

This study had several limitations. One limitation was

selection bias. Although the data were collected prospec-

tively, the surgeons at each institution determined the

surgical strategy, considering the oncologic status of each
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patient including intraoperative nodal involvement and

overall condition. We reduced selection bias by analyzing

data regarding a likely tolerance of lobectomy. With this

analysis, the prognosis might be comparable or better for

elderly patients who could tolerate lobectomy after wedge

resection compared with the prognosis of patients after

anatomic resection, even considering the limitation of

selection bias.

The median follow-up duration was approximately 40

months, not 60 months. Although 40 months might be

insufficient for determining long-term survival, octoge-

narians are unlikely to remain alive longer than patients 79

years of age or younger, and we added the PFS data to help

compensate for this. At this writing, we plan to provide

5-year OS data after another 20 months. Thus, the current

study provided important survival information.

The database does not include information about the

surgical margin or the numbers of lymph nodes and lymph

node stations. The database also includes no information

about postoperative quality of life. If the quality of life is

considerably worse after than before surgical resection,

then any procedures would not be optimal for patients,

even if their cancer is completely controlled by surgical

resection. Anatomic resection, lobectomy, and segmen-

tectomy include more awareness of reducing the

postoperative quality of life than wedge resection. We

considered that the number of patients regarded as suffi-

ciently fit to tolerate lobectomy was small (* 100) because

this study targeted a specific population to address the vital

clinical issue of which surgical procedure is optimal for

octogenarians with early-stage NSCLC considering onco-

logic aspects and overall status. The database includes

information from more than 80 institutions, which causes

difficulties collecting more targeted patients. Nonetheless,

the prognostic role of wedge resection should be validated

in a prospective randomized comparison between wedge

resection and standard lobectomy or segmentectomy.

In conclusion, wedge resection might be equivalent to

anatomic resection, including lobectomy or segmentec-

tomy, for selected octogenarians with early-stage NSCLC.

A prospective study of a larger patient cohort is required to

validate the current findings.
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