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A B S T R A C T

Purpose
Limited resection has been increasingly used in older patients with stage IA lung cancer. However,
the equivalency of limited resection versus lobectomy according to histology is unknown.

Methods
We identified patients older than 65 years with stage IA invasive adenocarcinoma or squamous
cell carcinoma � 2 cm who were treated with limited resection (wedge or segmentectomy) or
lobectomy in the Surveillance, Epidemiology, and End Results–Medicare database. We estimated
propensity scores that predicted the use of limited resection and compared survival of patients
treated with limited resection versus lobectomy. Treatments were considered equivalent if the
upper 95th percentile of the hazard ratio (HR) for limited resection was � 1.25.

Results
Overall, 27% of 2,008 patients with adenocarcinoma and 32% of 1,139 patients with squamous
cell carcinoma underwent limited resection. Survival analyses, adjusted for propensity score by
using inverse probability weighting, showed that limited resection was not equivalent to
lobectomy in patients with adenocarcinoma (HR, 1.21; upper 95% CI,1.34) or squamous cell
carcinoma (HR, 1.21; upper 95% CI, 1.39). Although patients with adenocarcinomas treated with
segmentectomy had equivalent survival rates to those treated with lobectomy (HR, 0.97; upper
95% CI, 1.07), outcomes of those treated with wedge resection (HR, 1.29; upper 95% CI, 1.42)
did not. Among patients with squamous cell carcinoma, neither wedge resection (HR, 1.34; upper
95% CI, 1.53) nor segmentectomy (HR, 1.19; upper 95% CI, 1.36) were equivalent to lobectomy.

Conclusion
We found generally that limited resection is not equivalent to lobectomy in older patients with
invasive non–small-cell lung cancer � 2 cm in size, although segmentectomy may be equivalent
in patients with adenocarcinoma.

J Clin Oncol 33:3447-3453. © 2015 by American Society of Clinical Oncology

INTRODUCTION

Approximately 10% to 15% of patients with non–
small-cell lung cancer (NSCLC) are diagnosed with
stage IA disease.1 However, the incidence of early-
stage cancers will substantially increase after recently
released US Preventive Services Task Force recom-
mendations for lung cancer screening are fully
implemented.2 Because surgical management of
stage IA NSCLC leads to 5-year survival rates as
high as 70%, decisions related to optimal surgical
resection are critical toward a meaningful chance
of cure.3

The National Comprehensive Cancer Network
recommendation for the treatment of stage IA
NSCLC is lobectomy with systematic lymph node

sampling.4 Evidence supporting this practice derives
from a single randomized controlled trial (RCT) of
node-negative NSCLC � 3 cm in size, which found
a lower recurrence risk and a trend toward improved
survival with lobectomy compared with limited re-
section (ie, wedge resection or segmentectomy).5

Since then, several observational studies have shown
equivalent survival and lower rates of postoperative
complications with limited resection for tumors � 2
cm in size, particularly among older patients.6-10

Consequently, elective limited approaches are in-
creasingly used for stage IA NSCLCs.

Lung cancer histology is an important predic-
tor of survival, independent of tumor size.11 There is
significant heterogeneity in lung cancer prognosis
on the basis of histology, from relatively indolent
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tumors, such as adenocarcinoma in situ (AIS) and minimally invasive
adenocarcinoma (MIA), to more aggressive tumors, like invasive ad-
enocarcinoma and squamous cell carcinoma.12 Patients with AIS and
MIA have excellent survival rates after resection and, therefore, are
likely to benefit from parenchymal sparing of limited resection with-
out an increased risk of recurrence.13,14 However, it is unclear whether
limited resection is equivalent to lobectomy for patients who have
stage IA disease with invasive histology.

In this study, we used population-based data to assess the equiv-
alency of limited resection versus lobectomy among older patients
with stage IA invasive adenocarcinoma and squamous cell carcinoma
� 2 cm in size. We hypothesized that limited resection, compared
with lobectomy, will not lead to equivalent survival among patients
with more aggressive cell types.

METHODS

Study Population

Study patients were identified from the Surveillance, Epidemiology, and
End Results (SEER) –Medicare database, a population-based tumor registry
that includes clinical information on incident cancer cases within representa-
tive areas of the United States.15 The study cohort was limited to patients older
than 65 years who were diagnosed between 1998 and 2010 with stage IA
NSCLC � 2 cm in size and treated with limited resection or lobectomy.
Centrally located cancers, which generally are not amenable to limited resec-
tion, and patients treated with neoadjuvant radiotherapy, which could reflect
cancers of higher stages, were excluded. Patients who resided in nursing homes
or who were receiving hospice care were excluded because of a likely poor
functional status. Finally, patients in health maintenance organizations or
those without Part B (outpatient) Medicare coverage were excluded because of
a lack of claims data. The Icahn School of Medicine at Mount Sinai Institu-
tional Review Board considered the study exempt.

We obtained patient sociodemographic information from SEER. By
using Medicare data, we grouped patients into estimated income quartiles that
were based on the median income in their census tract. Medicare claims
allowed us to assess comorbidities by applying a modified version of the
Charlson index.8,16 Claims that indicated home services were used as a proxy
for poor performance status.17

Tumor histology was determined with SEER codes according to the
International Classification of Diseases for Oncology.18 In 2011, a major revi-
sion to the classification of lung adenocarcinoma was proposed by the Inter-
national Association for the Study of Lung Cancer, the American Thoracic
Society, and the European Respiratory Society, in which terminology was
introduced to replace the bronchioloalveolar carcinoma (BAC) category with
AIS.12 A new category of MIA was added, and tumors previously described as
adenocarcinoma, mixed type, are now classified on the basis of the predomi-
nant histologic growth pattern. This new coding system has not yet been
incorporated into SEER, leading to potential misclassification of AIS and MIA
occurrences. For example, patient cases historically diagnosed as nonmuci-
nous BAC could potentially be AIS, MIA, or invasive adenocarcinomas with
lepidic components. To reduce the likelihood of misclassification, we excluded
former BAC patient cases (SEER codes 8250 and 8252) from the analyses.19

However, current recommendations are to classify mucinous BAC (SEER
codes 8251 and 8253) as invasive mucinous adenocarcinoma.20 Thus, we
combined these BAC subtypes with invasive adenocarcinomas (SEER codes
8140, 8230, 8254 to 8255, 8260, 8310, 8333, 8470, 8480, 8481, 8490, and 8550)
into a single group. Squamous cell carcinomas were identified using SEER
codes 8052, 8070 to 8073, and 8083 to 8084. Other cell types were excluded
given their low incidence.

By using SEER data on cancer location, size, extension, and lymph node
status, we determined tumor stage according to the American Joint Commis-
sion on Cancer classification (seventh edition).21 Tests used for cancer diag-
nosis (eg, fine needle aspiration, bronchoscopy), preoperative evaluation (eg,

ventilation/perfusion scan, cardiac/cardiopulmonary stress testing), and stag-
ing work-up (eg, positron emission tomography, mediastinoscopy) were as-
certained using International Classification of Diseases, 9th revision (ICD-9),
procedure codes and Current Procedural Terminology-4 codes from Medi-
care claims.

Resection type was determined with SEER and Medicare site-specific
surgery variables. Patients were classified as undergoing limited resection
(SEER codes 20 to 22 and ICD-9 procedure codes 32.29 and 32.3) or lobec-
tomy (SEER codes 30, 31, and 33 and ICD-9 procedure code 32.4). We used
Medicare claims to identify patients treated with video-assisted thoracic sur-
gery (VATS; ICD-9 procedure code 34.21 and Current Procedural
Terminology-4 code 32657). The use of postoperative radiotherapy was ob-
tained from both SEER and Medicare data. Chemotherapy use was ascertained
from Medicare claims by applying a validated algorithm.22

Survival was calculated from the date of diagnosis to the date of death;
patients alive as of December 31, 2009, were censored at the date of last
follow-up. Cause of death was established from SEER, which obtains the
cause from state death certificate information. When we assessed lung-
cancer specific survival, deaths as a result of other causes were censored at
the date of death.

Statistical Analysis

Within each histologic group, we compared demographic and tumor
characteristics of patients treated with limited resection or lobectomy using the
t test or �2 test, as appropriate. Because treatment allocation was not random,
potential imbalances in patient and tumor characteristics between treatment
groups may have existed. Therefore, we applied propensity score methods to
minimize the effect of measured confounders. Logistic regression was used to
calculate propensity scores that indicated the probability of undergoing lim-
ited resection on the basis of pretreatment information, including patient
sociodemographic characteristics, comorbidities, and functional status; tumor
characteristics; and the diagnostic, staging, and operative work-ups. Weights
were calculated for each patient as the inverse of the estimated probability for
undergoing the type of treatment received (limited resection v lobectomy).
When the model was fitted, we evaluated whether baseline covariates were well
balanced across groups after adjustment for propensity scores. All analyses
were conducted with SAS statistical software (SAS Institute, Cary, NC).

The equivalence of limited resection versus lobectomy in terms of overall
(primary outcome) and lung-cancer specific (secondary outcome) survival
was assessed with the Confidence Interval Method.23 We used Cox propor-
tional hazards regression to compare survival of patients with invasive adeno-
carcinoma and squamous cell carcinoma treated with limited resection versus
lobectomy while adjusting for selection bias using inverse probability weight-
ing.24 These models were also adjusted for the number of lymph nodes re-
sected and the type of surgical approach (ie, VATS v open thoracotomy). On
the basis of these models, we computed the one-sided upper-bound CI at a
significance level of .05. Noninferiority was established at the level of � signif-
icance if the upper limit of a (1 � 2�) CI was below the prespecified equiva-
lence margin.25 It is generally accepted in oncology studies that, if the hazard
ratio (HR) associated with the new treatment versus the standard of care does
not exceed 1.25 (ie, one-sided upper 95% CI is � 1.25), the two treatments can
be considered equivalent.26 We used this criterion to assess if limited resection
was equivalent to lobectomy.

Secondary analyses were conducted by stratifying the sample by age
(� 70 v � 70 years), by the type of limited resection (wedge resection v
segmentectomy), and by including patients with stage IA tumors 3 cm or
smaller in size.

On the basis of the number of deaths (primary outcome) among patients
in the cohort, we estimated that the study had greater than 80% power to
determine if the HR associated with limited resection did not exceed 1.25.

RESULTS

We identified 4,033 patients with histologically confirmed stage IA
NSCLC 2 cm or less in size treated surgically between 1998 and 2009
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from the SEER-Medicare registry. Of these, we excluded 604 patients
with BAC and 282 patients with other cell types. The final study cohort
consisted of 3,147 patients who had stage IA disease with invasive
adenocarcinoma (64%) or squamous cell (36%) carcinomas. Overall,
29% of patients underwent limited resection (23%, wedge resection;
6%, segmentectomy). Baseline characteristics of study patients ac-
cording to histology and type of resection are shown in Table 1.

Among patients with invasive adenocarcinoma, those treated
with limited resection were older (P � .001), were less likely to be
married (P � .001), had more comorbidities (P � .001), and had
smaller tumors (P � .001). Patients undergoing limited resection had
fewer lymph nodes sampled (P � .001) and were more likely to
undergo VATS (P � .001). There were no significant differences in the
distribution of other baseline characteristics among patients with ad-
enocarcinoma in both groups (P � .05 for all comparisons). Patients
with squamous cell carcinoma who were treated with limited resection
also were older (P � .04), were more likely to be women (P � .004),
and had higher comorbidity scores (P � .001). Limited resection in
this group also was associated with smaller tumors (P � .004), fewer
lymph nodes sampled (P � .001), and VATS resections (P � .001).

Other factors were not significantly different among treatment groups
(P � .05 for all comparisons). Baseline characteristics were well matched
across treatment groups after adjustment for propensity scores.

Analyses to adjust for propensity scores showed that limited
resection was not equivalent to lobectomy in terms of overall survival
(HR, 1.21; upper 95% CI, 1.34) or lung cancer–specific survival (HR,
1.66; upper 95% CI, 1.96) for patients with invasive adenocarcinoma.
Patients with squamous cell carcinoma treated with limited resection
also did not have equivalent overall survival (HR, 1.21; upper 95% CI,
1.39) or lung cancer–specific survival (HR, 1.41; upper 95% CI, 1.79)
as those treated with lobectomy (Fig 1).

Secondary analyses to stratify by age showed that limited resec-
tion was not equivalent to lobectomy in terms of overall survival (HR,
1.69; upper 95% CI, 2.14) and lung cancer–specific survival (HR, 1.58;
upper 95% CI, 2.38) among patients with adenocarcinoma younger
than 70 years of age. These results were consistent among patients age
70 years and older (HR, 1.16; upper 95% CI, 1.29 for overall survival;
HR, 1.65; upper 95% CI, 1.99 for lung cancer–specific survival). Age-
stratified analyses in patients with squamous cell carcinoma also
showed a lack of equivalency in terms of overall and lung cancer–

Table 1. Demographic and Clinical Characteristics of Patients With Stage IA (� 2 cm) Non–Small-Cell Lung Cancer, According to Histologic Type, Treated With
Limited Resection Versus Lobectomy

Characteristic

Invasive Adenocarcinoma Squamous Cell Carcinoma

Limited Resection
(n � 546)

Lobectomy
(n � 1,462)

P
Limited Resection

(n � 362)
Lobectomy
(n � 777)

P

Unadjusted Adjusted� Unadjusted Adjusted�

Mean � SD age, years 74.5 � 5.3 73.4 � 5.2 � .001 .97 74.7 � 5.5 73.9 � 4.9 .04 .94
Female sex, No. (%) 336 (62) 853 (58) .19 .99 208 (58) 375 (48) .004 .97
Race/ethnicity, No. (%)

White 492 (90) 1,302 (89) .51 .99 324 (90) 699 (90) .46 .99
Black 26 (5) 64 (5) 24 (7) 47 (6)
Hispanic† 13 (2) 35 (2) � 11 (� 28) � 11 (� 28)
Other† 15 (3) 61 (4) � 11 (� 28) � 11 (� 2)

Married, No. (%) 273 (50) 865 (59) � .001 .96 185 (51) 422 (54) .31 .97
Median income quartile, No. (%)

Lowest 103 (19) 277 (19) .31 .99 84 (23) 187 (24) .2 .99
Second 121 (22) 381 (26) 87 (24) 228 (30)
Third 137 (25) 337 (23) 105 (29) 204 (26)
Highest 185 (34) 467 (32) 86 (24) 158 (20)

Comorbidity score, No. (%)
� 1 210 (39) 761 (52) � .001 .96 86 (24) 314 (40) � .001 .85
� 1-2 172 (31) 374 (26) 130 (36) 210 (27)
� 2 164 (30) 327 (22) 146 (40) 253 (33)

Mean � SD tumor size, mm 14.6 � 4.1 15.7 � 3.7 � .001 .96 14.8 � 3.9 15.5 � 3.9 .004 .92
Tumor site, No. (%)

Upper lobe 356 (66) 921 (63) � .001 .99 253 (70) 539 (69) .43 .98
Middle lobe† 13 (2) 95 (7) � 11 (� 28) 32 (4)
Lower lobe 164 (30) 430 (29) 95 (26) 194 (26)
Other lobe† 13 (2) 16 (1) � 11 (� 28) 12 (1)

Lymph nodes removed, No. (%)‡
� 5 425 (78) 589 (40) � .001 — 314 (87) 307 (40) � .001 —
� 5 73 (13) 687 (47) 31 (9) 381 (49)
Unknown 48 (9) 186 (13) 17 (5) 89 (11)

VATS‡ 189 (35) 220 (15) � .001 — 116 (32) 92 (12) � .001 —

Abbreviations: SD, standard deviation; VATS, video-assisted thoracic surgery.
�Adjusted for propensity scores.
†Data from fewer than 11 patients were masked to maintain patient confidentiality.
‡Not preoperative characteristics (and no associated P values). These factors were included in the Cox model that compared survival in patients treated with limited

resection versus lobectomy.
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specific survival. Patients with adenocarcinoma who were treated with
wedge resection did not have equivalent overall survival (HR, 1.29;
upper 95% CI, 1.42) or lung cancer–specific survival (HR, 1.78; upper
95% CI, 2.09) compared with those who underwent lobectomy. How-
ever, overall survival (HR, 0.97; upper 95% CI, 1.07) and lung cancer–
specific survival (HR, 0.89; upper 95% CI, 1.07) of patients with
adenocarcinoma treated with segmentectomy versus lobectomy was
equivalent. Conversely, neither wedge resection (HR, 1.34; upper 95%
CI, 1.53 for overall survival; HR, 1.85; upper 95% CI, 2.32 for lung
cancer–specific survival) nor segmentectomy (HR, 1.19; upper 95%
CI, 1.36 for overall survival; HR, 1.17; upper 95% CI, 1.48 for lung
cancer–specific survival) was equivalent to lobectomy among patients
with squamous cell carcinoma. Finally, patients with tumors 3 cm or
smaller in size who had adenocarcinoma (HR, 1.31; upper 95% CI,
1.41 for overall survival; HR, 1.90; upper 95% CI, 2.13 for lung cancer–
specific survival) or squamous cell carcinoma (HR, 1.16; upper 95%
CI, 1.27 for overall survival; HR, 1.62; upper 95% CI, 1.88 for lung
cancer–specific survival) did not have equivalent outcomes when
treated with limited resection versus lobectomy (Table 2).

DISCUSSION

Limited resection increasingly is being adopted for the treatment of
older patients with small NSCLC. In this population-based study of

older patients, we evaluated the survival outcomes of limited resection
versus lobectomy for those with invasive adenocarcinoma and squa-
mous cell carcinoma. We found that limited surgical approaches,
particularly wedge resection, are not equivalent to lobectomy in this
population. Conversely, segmentectomy led to equivalent outcomes
only for patients with invasive adenocarcinoma. Our results highlight
the importance of tumor histology as a determinant of long-term
outcomes for patients with early-stage NSCLC.

In the two decades since the Lung Cancer Study Group trial, the
surgical management of early-stage NSCLC has evolved as a result of
improved staging, preoperative evaluation, and adoption of VATS.27

These changes have led to increased skepticism about extrapolating
the Lung Cancer Study Group conclusions to patients currently re-
ceiving treatment. Several more recent observational studies that
compare limited resection with lobectomy have demonstrated equiv-
alent long-term outcomes in older patients.6-10 Elderly patients under-
going lobectomy are more likely to experience peri- and postoperative
complications, and, at the same time, they are at a lower risk of cancer
recurrence because of competing risks of death as a result of
comorbidities.28-31 However, the impact of histologic type on survival
was not assessed in these studies. The observed survival equivalence
with limited resection versus lobectomy may be driven by outcomes of
less aggressive tumors, such as AIS and MIA, which are over-
represented among NSCLCs 2 cm or less in size. Thus, it is unclear
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Fig 1. Adjusted survival curves based on Cox models that compare treatment with limited resection versus lobectomy in patients with adenocarcinoma for (A) overall
survival and (B) lung cancer–specific survival, and in patients with squamous cell carcinoma for (C) overall survival and (D) lung cancer–specific survival. HR, hazard ratio.
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whether patients with more aggressive cancers are also good candi-
dates for limited resection. Our findings should help decide the best
treatment for older patients by balancing the potential short- and
long-term risks of limited resection versus lobectomy.

As our understanding of NSCLC has advanced, a new classi-
fication system of adenocarcinoma has been introduced that high-
lights the prognostic differences between histologic subtypes that
have potential therapeutic implications.12 AIS and MIA, tumors
that exhibit pure lepidic growth or have minimal invasion, respec-
tively, have nearly 100% 5-year survival rates after resection and,
therefore, are more amenable to limited resection.14 However,
invasive adenocarcinomas are characterized by stromal invasion
and can be additionally classified into a predominant histologic
type. Lepidic, acinar, and papillary predominant subtypes of stage
IA adenocarcinomas are associated with 5-year survival rates after
resection between 83% and 90%, whereas solid and micropapillary
histologies have 5-year survival rates of 67% to 76%.32 Our subset
analysis shows that segmentectomy is equivalent to lobectomy for
these tumors. However, only 15% to 20% of patients with stage IA
disease who are undergoing limited resection are usually candi-
dates for segmentectomy because of tumor characteristics that do
not allow for adequate surgical margins. Squamous cell carcinomas
are more likely to be locally aggressive and to invade adjacent
structures. When matched by stage, these tumors have slightly
better survival rates but similar recurrence risks as adenocarcino-
mas.20,33 However, patients with squamous cell carcinoma who
were treated with either wedge resection or segmentectomy did not
have equivalent outcomes to those treated with lobectomy, which
suggests that they should receive lobectomy.

The diagnosis of histologic subtype can only be definitively
determined from pathologic examination of postsurgical speci-
mens. Our findings, nevertheless, are important for several rea-
sons. First, a strong correlation exists between radiologic features on
computed tomography with the histologic spectrum of tumor
aggressiveness.34-38 Ground-glass opacities in sub–solid nodules cor-
relate with lepidic histologic pattern, whereas the solid component is
strongly predictive of invasive growth. Several recent studies also have
shown the accuracy of the ratio of the percentage of solid component

over the total tumor volume (consolidation:tumor) as a predictor of
invasiveness.39-44 This preoperative information may be used, in
combination with our findings, to guide decisions regarding type
of surgical approach. Second, our findings suggest that tumors
with squamous cell histology, when identified preoperatively via
small biopsy samples, should be considered for lobectomy. Third,
ongoing studies are evaluating potential biomarkers to predict
adenocarcinoma invasiveness in small biopsy samples.45,46 Finally,
postoperative pathologic identification of aggressive tumors might
create an opportunity for completion lobectomy among younger
patients or elderly patients undergoing elective sublobar resec-
tions. Furthermore, future studies should evaluate the potential
role of adjuvant therapy or the use of stereotactic body radiation
treatment for patients who, despite having aggressive histologic
types, are not candidates for full lobectomy.

This study has some strengths and limitations. The SEER-
Medicare registry provides data from a large number of older individ-
uals from multiple geographic areas. Thus, our findings have strong
external validity. Moreover, availability of long-term follow-up data
provided sufficient power to assess the equivalence of limited resection
versus lobectomy according to histologic type. Although we focused
on the most frequently affected age group, a particular strength in our
study, our results cannot be extrapolated to younger patients with
longer life expectancies and, thus, increased risks of recurrence after
treatment with limited resection.

The main study limitation is the lack of random treatment allo-
cation. Patient- and provider-level processes to determine treatment
allocation may have generated systematic differences in the treatment
groups. To mitigate this bias, we restricted the study population to
patients who were potential candidates for either approach and used
propensity score methods to successfully balance groups for all mea-
sured confounders. We cannot exclude hidden biases, though, and
these findings do not provide the same level of evidence as an RCT;
however, the few RCTs that evaluate the role of limited resection for
patients with small NSCLCs have not been completed because of low
enrollment rates.47 Moreover, these studies (except a Japanese study
focused on low-aggressive cancers) were not stratified by histology.48

Table 2. Adjusted Association of Limited Resection With Overall and Lung Cancer–Specific Survival Among Patients With Invasive Adenocarcinoma and
Squamous Cell Carcinoma

Model

Histologic Type

Invasive Adenocarcinoma Squamous Cell Carcinoma

No. of
Patients

Overall Survival,
HR (upper 95%

CI)

Lung Cancer–Specific
Survival HR, (upper

95% CI)
No. of

Patients

Overall Survival,
HR (upper 95%

CI)

Lung Cancer–Specific
Survival, HR (upper

95% CI)

Full cohort with tumors � 2 cm 2,008 1.21 (1.34) 1.66 (1.96) 1,139 1.21 (1.39) 1.41 (1.79)
By age

Limited to patients age � 70 years 1,490 1.16 (1.29) 1.65 (1.99) 892 1.14 (1.33) 1.33 (1.74)
Limited to patients age � 70 years 518 1.69 (2.14) 1.58 (2.38) 247 1.46 (2.04) 2.04 (3.43)

By treatment
Limited to patients treated with wedge resection v
lobectomy 1,897 1.29 (1.42) 1.78 (2.09) 1,060 1.34 (1.53) 1.85 (2.32)
Limited to patients treated with segmentectomy v
lobectomy 1,596 0.97 (1.07) 0.89 (1.07) 854 1.19 (1.36) 1.17 (1.48)

Full cohort with tumors � 3 cm 3,384 1.31 (1.41) 1.90 (2.13) 2,085 1.16 (1.27) 1.62 (1.88)

Abbreviation: HR, hazard ratio.
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Thus, in the absence of information from prospective trials, our find-
ings provide useful information about the management of older pa-
tients with invasive early-stage NSCLC. Another limitation is the lack
of updated histologic data in SEER to reflect the latest classification of
adenocarcinoma. Although we excluded occurrences previously clas-
sified as BAC, our invasive adenocarcinoma group may still consist of
somewhat heterogeneous tumors with varied prognoses. However,
the potential inclusion of MIAs as invasive adenocarcinomas cannot
explain our findings of worse outcomes with limited resection in this
group. Finally, the pattern of disease relapse (not available in SEER)
would help to better understand the benefits of lobectomy versus
limited resection.

In summary, our study showed that limited resection is not
equivalent to lobectomy when used to treat older patients with inva-
sive adenocarcinoma or squamous cell carcinoma. These patients may
be considered for completion lobectomy or, potentially, for adjuvant
treatments, if they are proven effective in this setting. This information
is important, given the increasing uptake of lung cancer screening and
the expected growth in the number of early-stage NSCLCs, the major-
ity (� 60%) of which are expected to be of invasive histology on the
basis of the results of the National Lung Cancer Screening Trial.49

Understanding the role of limited resection versus lobectomy in the
treatment of these patients will be critical to successful implementa-
tion of screening.
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