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Abstract

Background—Evidence guiding adjuvant chemotherapy (AC) use following lobectomy for 

stage I NSCLC is limited. This study evaluated the impact of AC use and tumor size on outcomes 

using a large, nationwide cancer database.

Methods—The effect of AC on long-term survival among patients who underwent lobectomy for 

margin-negative pathologic T1-2N0M0 NSCLC in the National Cancer Database from 2003–2006 

was estimated using the Kaplan-Meier method. The specific tumor-size threshold at which AC 

began providing benefit was estimated with multivariable Cox proportional hazards modeling.

Results—Overall 3,496 of 34,360 (10.2%) patients who met inclusion criteria were treated with 

AC, though AC use increased over time from 2003, when only 2.7% of patients with tumors <4cm 

and 6.2% of patients with tumors ≥4 cm received AC. In unadjusted survival analysis AC was 

associated with a significant 5-year survival benefit both for patients with tumors <4cm (74.3 vs. 

66.9%, p<.0001) and ≥4cm in size (64.8 vs. 49.8%, p<.0001). In sub-analyses of patients grouped 

by strata of 0.5 cm increments in tumor size, AC was associated with a survival advantage for 

tumor sizes ranging from 3.0–8.5 cm.

Conclusions—Use of AC among patients with stage I NSCLC has increased over time but 

remains uncommon. The results of this study support current treatment guidelines that recommend 

AC use after lobectomy for stage I NSCLC tumors larger than 4cm. These results also suggest that 

AC use is associated with superior survival for patients with tumors ranging from 3 to 8.5cm in 

diameter.
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Introduction

Adjuvant chemotherapy (AC) after resection of stages II-IIIA non-small cell lung cancer 

(NSCLC) has repeatedly been shown to improve survival.1–6 The National Comprehensive 

Cancer Network (NCCN) and the American Society of Clinical Oncology (ASCO) therefore 

both recommend AC for patients with completely resected stage II or IIIA NSCLC.7, 8 

However, indications and benefits of AC for patients with earlier stage NSCLC are less 

clear. Two large randomized trials failed to show a survival benefit associated with AC for 

early-stage node-negative NSCLC, while a single-institution retrospective study of 119 

patients who had lobectomy for stage IB NSCLC found that adjuvant platinum-based 

chemotherapy was associated with improved survival. 3, 6, 9, 10, 11 The Cancer and Leukemia 

Group B (CALGB) 9633 trial demonstrated an early survival advantage to AC for T2N0 

patients, however this did not persist with longer follow-up.12 A subset analysis of this study 

did, however, reveal a survival advantage for tumors 4cm in size or larger, and a similar 

pooled analysis of two clinical trials demonstrated a tumor size-chemotherapy effect.5, 13

The current NCCN guidelines are based on this data and do not recommend AC for patients 

with completely resected stage IB NSCLC, with the exception of individuals considered to 

be high-risk for recurrence, including those who have tumors that are 4 cm or larger in size. 

However, the use of these exploratory and unplanned subgroup analyses from the CALGB 

9633 trial to direct patient care and influence guidelines regarding use of AC for completely 

resected node-negative NSCLC has been questioned.5, 7, 12 In light of current evidence and 

recommendations, most patients with early-stage NSCLC do not receive adjuvant 

chemotherapy.14 The purpose of this current study was to use a nationwide cancer database 

to provide the largest investigation to date evaluating the use of AC following lobectomy for 

T1-2N0 NSCLC, in order to better understand current practice patterns and to evaluate the 

impact of tumor size on outcomes.

Methods

This retrospective analysis of patients with pathologic T1-2N0 NSCLC in the National 

Cancer Data Base (NCDB) was approved by the Duke University Institutional Review 

Board. The NCDB is a jointly administered effort by the American College of Surgeons 

Commission on Cancer (CoC) and the American Cancer Society, and collects data from 

more than 1,500 CoC-approved facilities around the United States. The NCDB is estimated 

to capture approximately 70% of all new cancer diagnoses annually, and currently contains 

more than 30 million patient records.

Patients diagnosed with pT1-2N0M0 NSCLC from 2003–2006 were identified for inclusion 

based on International Classification of Diseases for Oncology, 3rd Edition (ICD-O-3) 

histology codes for NSCLC, as well as Facility Oncology Registry Data Standards (FORDS) 

procedure codes for lobectomy. This time period was chosen as patients diagnosed in 2007 

and later do not currently have long-term survival data available in the NCDB. Pathological 

stage data was directly extracted based on American Joint Committee on Cancer (AJCC) 6th 

edition staging criteria. Tumor size data is recorded as the largest dimension of the diameter 

of the primary tumor, in millimeters. Patients who received induction therapy and those with 
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missing data regarding the use of AC and/or tumor size were excluded from analysis. Only 

patients with negative margins following lobectomy were studied, as recommendations 

guiding the management of patients with margin-positive disease are notably different.

Baseline univariate comparisons of patient characteristics between the cohort of patients 

who received AC and the cohort of patients treated with surgery alone were made using 

Pearson’s chi-square test for discrete variables and Student’s t-test for continuous variables. 

Consistent with existing NCCN guidelines, patients were then grouped according to whether 

their tumors were less than 4 cm or greater than 4 cm in size. Trends in the use of AC among 

the two size groups were assessed across the study time period. The effect of adjuvant 

chemotherapy on long-term survival was estimated for each of the two groups. Patients were 

then grouped into strata by tumor size in increments of 1 cm, and unadjusted median and 5-

year survival rates were calculated by stratum. All unadjusted survival analyses were 

performed using the Kaplan-Meier product limit estimator. To identify the specific tumor 

size threshold where AC appeared to begin providing benefit, the study cohort was grouped 

by strata of increasing 5mm in tumor size, and multivariable Cox proportional hazards 

models were developed within each strata, adjusting for patient age, sex, race, and Charlson/

Deyo comorbidity score.

We made an affirmative decision to control for type I error at the level of all comparisons, 

and p-values less than 0.05 were considered statistically significant. Missing data were 

handled with complete-case analysis in light of the substantial completeness of the NCDB 

data for the study population. All analyses were performed using SAS (version 9.3; SAS 

Institute Inc., Cary, North Carolina).

Results

A total of 34,360 patients underwent margin-negative lobectomy for pT1-2N0M0 NSCLC 

between 2003 and 2006, of which 3,496 (10.2%) were treated with AC while the remaining 

30,864 (89.8%) were treated with surgery alone. Patients treated with AC were younger and 

had slightly lower Charlson comorbidity scores, but had significantly larger tumors and were 

more likely to have T2 disease (Table 1). Table 2 summarizes survival according to tumor 

size by 1 cm increments, and demonstrates progressively worse survival with increasing 

tumor size, ranging from a 75% (95% CI: 72–78%) 5-year survival rate among patients with 

tumors <1 cm to a rate of 46% (95% CI: 44–49%) for patients with tumors ≥7 cm. Trends 

over time in the use of AC, grouped according to the currently accepted size threshold of 4 

cm, are shown in Figure 1. Use of AC increased for both small (<4 cm) and large (≥4 cm) 

tumors, and while AC among the smaller tumors increased from 2.7% in 2003 to a peak of 

9.7% in 2005, use among patients with tumors ≥4 cm increased from 6.2% in 2003 to a peak 

of 26.9% in 2005. In unadjusted survival analysis as shown in Table 3 and Figures 2A and 

2B, adjuvant chemotherapy was associated with a significant survival benefit both for 

patients with tumors < 4cm (5-year survival: 74.3 vs. 66.9%, p<.0001) and ≥4 cm in size (5-

year survival: 64.8 vs. 49.8%, p<.0001).

Following grouping into cohorts by tumor size increments of 5 mm and subsequent 

multivariable Cox proportional hazards modeling, AC was associated with a statistically 
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significant survival advantage for tumors starting at a threshold of 3.0 cm and ranging up to 

an upper limit of 8.5 cm in size. As shown in Figure 3, patients with small (<3 cm) tumors 

did not derive a significant adjusted survival benefit from AC, with a trend toward 

particularly bad outcomes for patients with tumors less than 1 cm who received AC. 

Similarly, for tumors larger than 8.5 cm, AC did not confer a statistically significant survival 

advantage following multivariable adjustment.

Discussion

In this NCDB study of over 34,000 patients treated with lobectomy for pathologic 

T1-2N0M0 NSCLC in the United States from 2003–2006, we found that approximately 10% 

of patients were treated postoperatively with AC. Patients who were given AC were younger 

with fewer comorbidities, but with larger tumors. Survival among patients treated with AC 

for tumors ranging from 3 to 8.5 cm was significantly better than when chemotherapy was 

not given (Figure 3). The use of AC for both smaller and larger tumors appeared to increase 

from 2003–2005, corresponding to the time at which data from the CALGB 9633 study 

started becoming available and began shaping clinical practice.

Our results are consistent with the subgroup analysis from the prospective randomized 

CALGB 9633 trial for node-negative NSCLC tumors larger than 4 cm, and are generally in 

agreement with current NCCN guidelines. Considering some of the concerns for basing 

clinical care solely on that unplanned subgroup analysis, the current study provides 

additional evidence to guide treatment and influence guidelines for this clinical situation. 

However, it should be noted that several other randomized trials have been unable to 

demonstrate any long-term survival benefit of AC after resection of stage I NSCLC. The 

International Adjuvant Lung Cancer Trial (IALT) included 1867 patients with surgically-

resected lung cancer who were randomly assigned either to cisplatin-based adjuvant 

chemotherapy or to observation, and reported a statistically significant survival benefit with 

cisplatin-based adjuvant therapy in patients with completely resected stage I, II, or III 

NSCLC.2 After 7.5 years of follow-up, however, there were more deaths in the 

chemotherapy group and the benefit of chemotherapy continued to decrease over time.15 

Similar to the CALGB 9366 trial, the JBR.10 and the ANITA trials both compared the 

effectiveness of adjuvant vinorelbine plus cisplatin versus observation in early-stage 

NSCLC, and showed benefit for stages II and IIIA patients but not for stage IB patients after 

long-term follow-up.3, 6, 9 Therefore, while the results of our current study provide a 

meaningful contribution to the existing literature regarding this unresolved question, they 

must be interpreted with caution.

Nevertheless, our study also demonstrates that long-term survival for patients treated with 

current optimal treatment (lobectomy) for early-stage NSCLC remains disappointingly low 

nationally, with 5-year survival rates of only 75% [95% CI 72% –78%] following lobectomy 

for even the earliest stage I NSCLC measuring less than 1 cm in size. These survival data 

suggest that continued investigation is necessary to improve outcomes for patients diagnosed 

with what should be the most curable situation of NSCLC, as surgery alone may not be 

adequate in up to a quarter of cases. Indeed, chemotherapy now has a category 2A 

recommendation as adjuvant treatment for patients with high-risk features, including not 
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only tumors larger than 4 cm but also poorly differentiated tumors, vascular invasion, wedge 

resection, visceral pleural involvement, and incomplete lymph node sampling (Nx).5, 10 

Interestingly, multivariate survival analysis in this current study also shows that AC is 

significantly associated with improved survival for tumors 3–3.9 cm in size and supports the 

consideration of AC for smaller tumors in some situations. However, analysis in our study 

also found that the association of AC with improved survival was no longer statistically 

significant for tumors bigger than 8.5 cm (Figure 3). While this may simply represent a lack 

of statistical power due to a relative rarity of such large tumors, there may also be an 

underlying biological mechanism related to tumors that grow to very large sizes. Therefore 

the risk of treatment failure with current strategies appears to be much more significant as 

tumors exceed 8 cm in size, and future trials that develop and study new treatment regimens 

specifically for very large tumors should be considered.

Although this study showed that the use of AC for larger tumors increased from 6.2% in 

2003 to approximately 27% in 2005 and 2006, clearly AC was still used in a minority of 

patients. This finding is consistent with other studies that have investigated the utilization of 

AC for NSCLC. Although several recent randomized studies and meta-analyses have 

demonstrated a survival benefit for AC, guideline adherence following resection has been 

shown to be only 61%.16 Barriers to the use of AC in non-trial settings likely include 

opinions of both physicians and patients regarding ability to tolerate chemotherapy and 

whether the potential benefits of adjuvant therapy outweigh the risks, particularly 

considering that the benefits of AC are generally relatively modest.4 Counseling patients on 

the potential benefits for their specific situation can be somewhat difficult, as the phase III 

studies included a relatively heterogeneous group of stages.2, 3, 6 Previous studies have 

shown that as many as 26% of patients decline further treatment after surgery.14 It is likely 

that some patients did not feel the risks of AC were worth the potentially increased chance 

of long-term survival. The current study provides more accurate estimates of the potential 

benefits of AC use for patients who have undergone resection of early-stage node-negative 

NSCLC in a non-trial setting, which can improve the shared decision-making process and 

better inform treatment recommendations.

In this study, 900 patients who were given AC were aged 70 years or older. While there are 

not specific guidelines for treatment of NSCLC based on age, counseling elderly patients on 

the potential benefits of AC may be more difficult compared to younger patients as most 

randomized studies either excluded older participants or enrolled very limited 

numbers.2, 3, 6, 17, 18 Even though NSCLC is generally a disease of the elderly and the 

median age at diagnosis is 70 years, only 9% of patients in the meta-analysis of randomized 

trials were older than 70 years.19 In that meta-analysis, patients older than 70 were shown to 

have had a survival benefit from AC similar to younger patients despite receiving lower 

doses and fewer cycles, having lower performance status, and having more non-lung cancer 

related causes of death.18 Other retrospective analyses of both randomized study data and 

registry data have also demonstrated benefits of AC use among patients older than 65 

years.20, 21 In our study, AC was an independent predictor of improved survival even when 

age was considered.
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The NCDB does also have some inherent limitations related to the availability of clinical 

information related to the decision on whether to administer adjuvant chemotherapy after 

surgery. Even though multivariable adjusted analysis can correct for measured covariates, 

the NCDB does not contain important clinical variables such as overall performance status, 

pulmonary function, specific comorbidities and smoking status. AC may have been 

preferentially selected for patients who did well after surgery or who had better functional 

status, better pulmonary function, and less significant current and past smoking use, which 

are all factors that can impact both treatment selection as well as outcomes such as survival. 

This study has other limitations due to its retrospective nature and reliance on an 

administrative database in which some data may be missing. Additionally, we were unable 

to investigate disease-specific survival among our patient cohorts, as this is not currently 

available in the NCDB.

The use of the NCDB does have the significant strength of being able to investigate a 

specific cancer sub-stage with high power due to its population-based nature. Any 

prospective study would be very unlikely to accrue similar numbers of patients as analyzed 

in this study. In addition, randomized trials generally enroll selected participants with good 

functional status and a low number of comorbidities, and either exclude or tend to have 

limited number of older participants.2, 3, 6, 17, 18 The study of patients in a non-trial setting 

using the NCDB may improve the generalizability of the findings and provide more 

appropriate expectations to base treatment guidelines on. The results of our current study 

support current treatment guidelines regarding AC use after lobectomy for stage I NSCLC. 

Surgeons and medical oncologists should carefully consider the use of AC after lobectomy 

for node-negative NSCLC tumors larger than 3 cm, and particularly when tumors are larger 

than 4 cm. However considering the promising but not definitively proven benefit of AC in 

this setting, the thoracic oncology community should focus on studies that investigate this 

topic to continue to try to improve outcomes after treatment for early-stage NSCLC.
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Figure 1. 
Trends in use of adjuvant chemotherapy by tumor size over study period: 2003–2006.
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Figure 2. 
Kaplan-Meier survival curves for A) tumors less than 4 cm and B) tumors ≥ 4 cm.
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Figure 3. 
Plot of adjusted hazard of death associated with adjuvant chemotherapy after lobectomy for 

T1-2N0 grouped into strata by tumor size. The hazard ratios were determined from 

multivariable survival models performed on subsets of patients created by grouping the 

entire cohort by strata of tumor size in 0.5 cm increments.
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Table 1

Patient and tumor characteristics for patients with margin-negative pT1-2N0 NSCLC, by use of adjuvant 

chemotherapy

Adjuvant
Chemotherapy

(N=3,496)

No Adjuvant
Chemotherapy

(N=30,864)

p-value

Patient Age <0.0001

   Median 63.0 69.0

   Q1, Q3 56.0, 70.0 62.0, 75.0

Sex 0.92

   Male 1716 (49.1%) 15121 (49.0%)

   Female 1780 (50.9%) 15743 (51.0%)

Race 0.27

   White 3143 (89.9%) 27889 (90.4%)

   Black 277 (7.9%) 2237 (7.2%)

   Other 76 (2.2%) 738 (2.4%)

Charlson/Deyo Score <0.0001

   0 1991 (57.0%) 15799 (51.2%)

   1 1169 (33.4%) 11284 (36.6%)

   2 336 (9.6%) 3781 (12.3%)

AJCC Pathologic T <0.0001

   1 714 (20.4%) 18436 (59.7%)

   2 2782 (79.6%) 12428 (40.3%)

Size of Tumor (cm) <0.0001

   Mean (SD) 4.1 (3.1) 2.9 (2.5)

   Range (0.1–95.0) (0.1–93.3)

Tumor Size <0.0001

   < 4 cm 1935 (55.3%) 24610 (79.7%)

   >= 4 cm 1561 (44.7%) 6254 (20.3%)
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Table 2

Survival estimates by tumor size

Size of Tumor
(cm)

5-year survival %
(95% CI)

Median Survival [yrs]
(95% CI)

< 1 75 (72, 78) 8.8 (8.6, NA)

1–1.9 73 (72, 74) 8.6 (8.4, 8.9)

2–2.9 65 (64, 66) 7.4 (7.2, 7.5)

3–3.9 61 (60, 62) 6.5 (6.4, 6.8)

4–4.9 56 (54, 57) 6.0 (5.7, 6.4)

5–5.9 53 (50, 55) 5.6 (5.1, 6.2)

6–6.9 52 (49, 55) 5.2 (4.8, 5.9)

≥ 7 46 (44, 49) 4.4 (3.9, 4.8)

J Natl Compr Canc Netw. Author manuscript; available in PMC 2016 June 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Speicher et al. Page 14

T
ab

le
 3

Su
rv

iv
al

 e
st

im
at

es
 b

y 
tu

m
or

 s
iz

e 
an

d 
us

e 
of

 a
dj

uv
an

t c
he

m
ot

he
ra

py

T
um

or
si

ze
T

re
at

m
en

t
M

ed
ia

n 
su

rv
iv

al
, y

ea
rs

(9
5%

 C
I)

5-
ye

ar
 S

ur
vi

va
l %

(9
5%

 C
I)

H
az

ar
d 

R
at

io
[c

he
m

o 
vs

. n
o

ch
em

o]
 (

95
%

 C
I)

P
 v

al
ue

< 
4 

cm

A
dj

uv
an

t
C

he
m

ot
he

ra
py

8.
7 

(8
.4

, N
A

)
74

.3
%

 (
72

.3
, 7

6.
3)

0.
75

 (
0.

70
, 0

.8
1)

<
 0

.0
00

1
N

o 
A

dj
uv

an
t

C
he

m
ot

he
ra

py
7.

6 
(7

.5
, 7

.7
)

66
.9

%
 (

66
.3

, 6
7.

5)

≥ 
4 

cm

A
dj

uv
an

t
C

he
m

ot
he

ra
py

8 
(7

.5
, N

A
)

64
.8

%
 (

62
.3

, 6
7.

2)

0.
6 

(0
.5

5,
 0

.6
5)

<
 0

.0
00

1
N

o 
A

dj
uv

an
t

C
he

m
ot

he
ra

py
5 

(4
.7

, 5
.1

)
49

.8
%

 (
48

.5
, 5

1.
0)

J Natl Compr Canc Netw. Author manuscript; available in PMC 2016 June 01.


