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Abstract
Background—We previously demonstrated that stage IIIB/IV non-small cell lung cancer
(NSCLC) never smokers lived 50% longer than former/current smokers. This observation
persisted after adjusting for age, performance status, and gender. We hypothesized that smoking-
dependent differences in the distribution of driver mutations might explain differences in
prognosis between these subgroups.

Methods—We reviewed 293 never smokers and 382 former/current smokers with lung
adenocarcinoma who underwent testing for EGFR and KRAS mutations and rearrangements in
ALK between 2009 and 2010. Clinical outcomes and patient characteristics were collected.
Survival probabilities were estimated using the Kaplan-Meier method. Group comparison was
performed with log-rank tests and Cox proportional hazards methods.

Results—While the overall incidence of these mutations was nearly identical (55% never
smokers vs. 57% current/former smokers, p=0.48), there were significant differences in the
distribution of mutations between these groups: EGFR mutations- 37% never smokers vs. 14%
former/current smokers (p<0.0001); KRAS mutations- 4% never smokers vs. 43% former/current
smokers (p<0.0001); ALK rearrangements- 12% never smokers vs. 2% former/current smokers
(p<0.0001). Among never smokers and former/current smokers, prognosis differed significantly
by genotype. Patients harboring KRAS mutations demonstrated the poorest survival. Smoking
status, however, had no influence on survival within each genotype.

Conclusion—Never smokers and former/current smokers with lung adenocarcinomas are not
homogeneous subgroups. Each is made up of individuals whose tumors have a unique distribution
of driver mutations which are associated with different prognoses, irrespective of smoking history.
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Background
We have witnessed a sea change in the management of patients with non-small cell lung
cancer (NSCLC) in the past decade. Prior to 2004, biologic diversity was seen largely
through the lens of histology, with patients grouped into adenocarcinoma, squamous, and
large cell carcinoma subtypes. The predictive and prognostic power of this schema was
limited, however. It was not until the initial efficacy studies of the epidermal-growth factor
receptor (EGFR) tyrosine kinase inhibitors (TKIs) in patients with advanced NSCLC that
evidence for a mechanistic model of disease heterogeneity emerged 1, 2. While the overall
response rate to EGFR TKIs in unselected patients was a modest 10%, subgroup analyses
showed comparatively higher response rates and survivals in women, never smokers, and
Asians 1–3. The subsequent identification of mutations 4–6 in the tyrosine kinase domain of
EGFR that predicted for response to EGFR TKIs made clear that the limited efficacy found
in these early studies was a by-product of the relatively low frequency of EGFR mutations in
NSCLC as a whole. Conversely, those subpopulations with higher response rates were found
to have a greater proportion of EGFR mutations, approaching 50% in never smokers with
lung adenocarcinoma. In the wake of these findings, genotyping efforts have identified
driver mutations in the majority of lung adenocarcinoma specimens.7 Mutations in KRAS
account for approximately 25% of cases 8; mutations in EGFR, 15% of cases;
rearrangements of ALK, 3–7% of cases 9; and mutations in HER2, BRAF, and PIK3CA, 1–
2% of cases.

In addition to smoking-dependent variations in the incidence of EGFR mutations 10, 11,
differences in the frequency of KRAS mutations between subgroups have also been
described. As few as 8% of never smokers and as high as 57% of former/current smokers
with lung adenocarcinoma harbors a KRAS mutation 12. While 3–5% of unselected patients
with lung adenocarcinoma have ALK rearrangements, the frequency appears to be much
higher in never smokers 13. There is a suggestion that the prognosis associated with these
mutations also varies. While treatment with EGFR TKIs has likely altered the prognosis of
patients with EGFR mutations 14–16, the prognostic relevance of KRAS mutations is less
well characterized. The prognostic significance of ALK rearrangements remains largely
unknown.

We recently reported data on the prognostic impact of smoking history in patients with stage
IIIB/IV NSCLC 17. Patients who were never smokers were found to have a longer overall
survival (OS) when compared to patients who smoked < 15 pack-years and ≥ 15 pack-years.
This relationship persisted even after adjusting for differences in age, performance status,
and gender on multivariate analysis.

We hypothesized that tumor biology was the principle driver of the differences in survival
between these subgroups. We therefore reviewed the mutation status, clinical characteristics,
and survival of never smokers and former/current smokers with lung adenocarcinomas at
our institution.
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Methods
Study Design and Patients

Patients with lung adenocarcinomas who were tested for mutations in EGFR (exon 19
deletions, exon 21 L858R substitutions) and KRAS as well as rearrangements in ALK at
MSKCC with tissue obtained between May 2009 and May 2010 were reviewed. Testing was
performed under a reflex molecular profiling program for patients with lung
adenocarcinoma histologies (Lung Cancer Mutation Analysis Program, LC-MAP) without
selection by any specific pathologic or clinical feature. Smoking history was determined
through the use of a prospectively administered questionnaire. Never smokers were defined
as those patients who smoked < 100 cigarettes in their lifetime. Medical records were
reviewed to determine gender, ethnicity, age, Karnosfky performance status (KPS), stage,
and treatment history. All chart review/tissue collection was approved by the MSKCC
Institutional Review Board/Privacy Board. For the purposes of the analysis, patients were
grouped into those with early stage disease (stage I-IIIA) and those with advanced stage
disease (IIIB/IV and recurrent disease) as per the IASLC 7th edition TNM staging system.

Genotype Analysis
EGFR exon 19 deletions and exon 21 L858R point mutations were detected using a PCR-
based assay.18 A 207-bp genomic DNA fragment encompassing exon 19 was amplified
using the following primers (FW1: 5’-GCACCATCTCACAATTGCCAGTTA-3’; REV1:
5’-Fam-AAAAGGTGGGCCTGAGGTTCA-3’). A 222-bp genomic DNA fragment
spanning exon 21 was amplified using the following primers (FW1: 5’-
CCTCACAGCAGGGTCTTCTCTGT-3’; REV1: 5’-Fam-
TCAGGAAAATGCTGGCTGACCTA). PCR products were subjected to capillary
electrophoresis on an ABI 3730 Genetic Analyzer (Applied Biosystems, Foster City, CA).
KRAS exon 2 mutations were identified through direct sequencing 19, and rearrangements in
ALK were identified through fluorescence in-situ hybridization (FISH) using a dual-color
break-apart probe 20. Positive cases were defined as the presence of a split signal indicating
rearrangement of the ALK locus at 2p23 or the presence of a single red signal indicating loss
of the 5’ DNA sequence in ≥ 15% of cells. Where tissue was available, PCR for specific
EML4-ALK transcript variants was performed to confirm the presence of an EML4-ALK
translocation. Based on past data demonstrating the non-overlapping nature of mutations in
EGFR and KRAS and rearrangements in ALK 21, 22, only patients who were wild-type
(WT) for EGFR and KRAS underwent testing for ALK rearrangements.

Statistical Analysis
Overall survival (OS) for advanced stage patients was measured from the date of diagnosis
of stage IIIB/IV or recurrent disease until the date of death. Patients who did not die during
the study period were censored at the time of last available follow-up. Survival and follow-
up data were obtained through medical records or the Social Security death index and
updated as of June 2011. Survival probabilities were calculated using the Kaplan-Meier
method. Group comparison was performed with log-rank tests (for univariate analyses) and
Cox proportional hazards methods adjusted for age, gender, and KPS (for multivariate
analyses). We examined the effect of smoking history on OS within each genotype (EGFR,
KRAS, ALK, other/uncharacterized) and reversely, the effect of genotype within each
smoking subgroup (never smokers and former/current smokers). Due to the small number of
patients in some subgroups defined by the combination of genotype/smoking history, it was
not feasible to fit a comprehensive model examining the interaction between the two
variables.
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Patients became eligible for the study at the time of their molecular diagnosis. In order to
account for the potential length-time bias associated with differences between the date of
diagnosis of advanced disease and the date of molecular testing, all analyses were performed
using left truncation (or delayed entry) techniques. With this method, survival probabilities
and hazard ratios are calculated conditional on patients having survived until the date of
their molecular diagnosis. Statistical analyses were performed using SAS statistical software
(SAS Institute, Inc, Cary, NC) and the ‘survival’ package in R (http://www.r-project.org/).

Results
Patient Characteristics and mutation frequency

Of the 675 patients with lung adenocarcinoma who we analyzed between May 2009 and
May 2010, 293 (43%) were never smokers and 382 (57%) were former/current smokers.
Patient characteristics are summarized in Table 1. There were no significant differences in
gender, age, stage, or KPS between never smokers with EGFR and KRAS mutations. Never
smokers harboring an ALK rearrangement were more likely to be men when compared to
patients who had EGFR mutations (49% vs. 30%, p=0.02) or KRAS mutations (49% vs. 8%,
p=0.02). Never smokers with ALK rearrangements were significantly younger than patients
with EGFR mutations (median age 57 vs. 63, p=0.006). Among former/current smokers, no
significant differences in clinical characteristics were present between patients with EGFR
mutations, KRAS mutations, and ALK rearrangements.

The relative distribution of mutations between never smokers and former/current smokers is
shown in Figure 1. The overall incidence of EGFR and KRAS mutations and
rearrangements in ALK was virtually identical in never smokers (55%, 95% CI: 48–60%)
and former/current smokers (57%, 95% CI: 52–63%) (p=0.43). Never smokers had a
significantly higher incidence of EGFR mutations (38% vs. 14%, p<0.0001) and ALK
rearrangements (12% vs. 2%, p<0.0001) than did former/current smokers. In contrast,
KRAS mutations were more common in former/current smokers than in never smokers
(41% vs. 5%, p<0.0001). The majority of patients had an identifiable mutation in one of
these genes.

There were no significant differences in the frequencies of EGFR exon 19 deletions vs.
L858R substitutions in never smokers (56% vs. 43%, p=0.22) or former/current smokers
(44% vs. 56%, p=0.50). G12D transition mutations (43%) were the single most common
KRAS variant in never smokers. G12C and G12V transversion mutations were most
common in former/current smokers (64%). Rearrangements in ALK were detected
predominantly through the presence of a split FISH signal in both groups.

Treatment history
The median number of treatments given to patients within each genotype is listed in Table 2,
and did not vary by smoking status. Evaluation of treatment response was not possible given
the absence of uniform pre- and post-treatment imaging. Most patients with an EGFR
mutation, regardless of smoking history, were treated with an EGFR TKI (never smoker vs.
former/current smokers: 88% vs. 76%, p=0.57). Treatment with an EGFR TKI was also
given to 7–27% of patients without a documented EGFR mutation, the frequency of which
was highest in patients with ALK rearrangements. There was no significance difference
between never smokers and former/current smokers in the proportion of patients with KRAS
mutations or ALK rearrangements who were given an EGFR TKI. Forty percent of never
smokers and former/current smokers with an ALK rearrangement had been treated with
Xalkori (crizotinib) as part of a clinical trial, with a median duration of therapy of 7 months
in each group.

Paik et al. Page 4

Cancer. Author manuscript; available in PMC 2013 December 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text

http://www.r-project.org/


Survival
Of the 440 patients with advanced stage disease included in this analysis, 228 died during
the analysis period. The median overall survival of advanced stage never smokers vs.
former/current smokers was 20 months (95% CI: 16–27) vs. 12 months (95% CI: 11–13).
This difference was significant on univariate (p<0.001) and multivariate analyses, adjusting
for age, gender, and KPS (adjusted HR = 1.9, 95% CI: 1.4–2.5; p<0.001). The median
overall survival for all patients with EGFR mutations, KRAS mutations, and ALK
rearrangements was 23 months (95% CI: 19–36), 11 months (95% CI: 8–13), and 35 months
(95% CI: 20-NR), respectively. There were significant survival differences between patients
with KRAS mutations and EGFR mutations (adjusted HR = 2.3, 95% CI 1.5–3.6; p<0.001)
and patients with KRAS mutations and ALK rearrangements (adjusted HR = 2.9, 95% CI
1.4–5.8; p<0.001). There was no significant difference in survival between patients with
ALK rearrangements and EGFR mutations (adjusted HR = 0.8, 95% CI 0.4–1.6; p=0.42).

These differences persisted within the never smoker and former/current smoker subgroups.
Among advanced stage never smokers, patients with KRAS mutations had a higher risk of
death compared to patients with EGFR mutations (adjusted HR = 2.7, 95% CI 1.1–6.7;
p=0.04) and patients with ALK rearrangements (adjusted HR = 4.6, 95% CI 1.5–14.1;
p=0.008). There was no significant difference in survival between never smokers with ALK
rearrangements vs. EGFR mutations (adjusted HR = 0.6, 95% CI 0.2–1.4, p=0.23).

Among smokers, patients with KRAS mutations had significantly worse survival relative to
patients with EGFR mutations (adjusted HR = 3.3, 95% CI 1.6–5.7, p<0.0001). Meaningful
survival comparisons with smokers harboring ALK rearrangements were not possible given
the small numbers detected, though there were similar trends in survival as with never
smokers and the overall cohort. A planned analysis of disease-free survival among early
stage patients could not be performed given the absence of events to date.

Despite these differences in genotype-specific survival, there were no differences in survival
between never smokers and former/current smokers who harbored a given mutation. The
median overall survival of never smokers vs. former/current smokers with EGFR mutations
was 25 months (95% CI: 19-NR) vs. 19 months (95% CI: 16–37) (p=0.33). The median
overall survival of never smokers vs. former/current smokers with KRAS mutations was 11
months (95% CI: 8–13) vs. 10 months (95% CI: 6-NR) (p=0.77). The median overall
survival of never smokers vs. former/current smokers with ALK rearrangements was 26
months (95% CI: 9-NR) vs. 44 months (95% CI: 20-NR) (p=0.41). The associated Kaplan-
Meier survival curves are found in Figures 2A–C.

Multivariate analysis adjusting for age, gender, and KPS similarly found no significant
differences between former/current smokers and never smokers with EGFR mutations
(adjusted HR = 0.9, 95% CI 0.4–2.0, p=0.80) and KRAS mutations (adjusted HR = 1.1, 95%
CI 0.5–2.5, p=0.80). Multivariate analysis for patients with ALK rearrangements could not
be performed due to small sample sizes in both groups.

While mutations in EGFR, KRAS, and rearrangements in ALK comprise the majority of
driver mutations in both never smokers and former/current smokers, some 40% of patients
in each group lack these genetic aberrations. These other/uncharacterized patients were the
only subgroup to exhibit a significant difference in overall survival when grouped by
smoking status (median OS 18 months vs. 12 months; unadjusted HR = 2.0, 95% CI 1.33–
2.98, p<0.001) (Figure 3). Similar findings were present on multivariate analysis (adjusted
HR 1.8, 95% CI 1.2–2.7; p=0.006).
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Discussion
In an attempt to explain the survival advantage that never smokers exhibit over smokers
with lung adenocarcinomas, we hypothesized that a unique distribution of driver mutations
in never smokers, enriched for those mutations with better prognoses, leads to an improved
outcome when compared to smokers.

Our data demonstrate that while the overall incidence of driver mutations is identical, the
distribution of mutations in patients with lung adenocarcinomas differs significantly based
on smoking status. Never smokers had a significantly higher proportion of EGFR mutations
and ALK rearrangements, totaling 50%. Conversely, former/current smokers had a
significantly higher proportion of KRAS mutations, totaling 41%.

Importantly, we found no significant differences in the overall survival of never smokers
and former/current smokers who bear identical genotypes. This observation is, to our
knowledge, the first of its kind, suggesting that former/current smokers, independent of
genotype, do not have a poorer prognosis compared to never smokers. While our analysis
was relatively large, the low incidence of ALK rearrangements was a limiting factor in the
survival analysis of these patients. While there was a numerical difference in survival in
never smokers and former/current smokers with ALK rearrangements, the difference was
not significant. Ultimately, a larger sampling of patients will be needed to clarify our
observation.

We note that former/current smokers with EGFR mutations and ALK rearrangements in our
analysis were not light tobacco consumers, with median pack years smoked of 18 and 15,
respectively. These data are particularly compelling when placed beside those from the
recent whole genome sequencing of a smoking-related lung adenocarcinoma tumor,
suggesting that the high somatic mutation rate caused by smoking may not substantially alter
the course of tumors driven by certain oncogenes, such as EGFR and KRAS.23

It is important to note that this study was not sufficiently equipped to resolve the impact of
targeted therapy versus standard chemotherapy in these subpopulations. Data suggest that
both EGFR TKI and ALK-directed therapies alter the clinical courses of patients harboring
sensitizing EGFR mutations and ALK rearrangements relative to chemotherapy. 14, 24 This
study does not address the untreated natural histories of the genotypes tested. The prognoses
of each mutation subtype were undoubtedly affected by the proportion who received an
appropriate targeted therapy: this has bearing on the current study only insofar as disparities
in the delivery of a targeted therapy might significantly differ between never smokers and
smokers. This was not the case. Indeed, as new and improved treatments emerge for patients
with specific genotypes, we anticipate that the prognostic differences that currently exist
between smokers and never smokers will likely change. The promise of this is perhaps
greatest for patients whose tumors harbor KRAS mutations, where an effective directed-
therapy has not yet been found.

Forty percent of patients with lung adenocarcinomas do not harbor mutations in EGFR or
KRAS or rearrangements in ALK. Our data intimate at the presence of an as yet unknown
oncogenic driver event or series of events that is differentially present among never smokers
and former/current smokers in this subgroup of patients. To date, mutations in BRAF (3%,
predominantly in former/current smokers)25, HER2 (4.8% overall, up to 8% in never
smokers)26, PIK3CA (2%)27, and AKT1 (1%) have been identified in addition to those
tested in this analysis. The prognoses associated with these mutations are, however, unclear.

While we report herein that all EGFR and KRAS mutations were mutually exclusive, the
data presented in this paper cannot comment rigorously on the mutual exclusivity of ALK
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rearrangements and mutations in EGFR and KRAS based on the mutational testing protocol
we used. Once either an EGFR or a KRAS mutation was detected, ALK testing was not
pursued routinely. As a result, all patients with ALK rearrangements were EGFR and KRAS
WT; however, we did not test all patients with EGFR and KRAS mutations for the
coincident presence of ALK rearrangements. Our routine testing procedures were based on
past series and our own internal series (manuscript in preparation) that have demonstrated
mutual exclusivity of these oncogenic events 21, 22. Recent data from the Lung Cancer
Mutation Consortium demonstrated overlapping EGFR and KRAS mutations in 8% (3/38)
of tumor samples that harbored rearrangements in ALK.28 We found the frequency of co-
incident EGFR or KRAS mutations in the 44 ALK rearranged cases in our series to be 0%
(95% CI: 0–10%).

From a practical standpoint, while we advocate stratifying patients by genotype in clinical
studies of targeted therapies, we recognize that this is sometimes not possible, particularly
when a predictive biomarker has not been well characterized. Furthermore, despite state-of-
the-art molecular testing, a known mutation will not be identified in many patients. Our data
suggest that stratification of patients by smoking history should be performed in all trials
where genotype is not a pre-specified eligibility criterion, given the significant prognostic
difference that we observed. Varying proportions of never smokers and former/current
smokers within treatment arms may confound survival results, and should be accounted for
at study inception, rather than post-hoc.

Finally, we note that although co-morbidity, either in range or severity, was not captured by
us as part of this study, its influence on survival apart from performance status was
previously shown by Toh et. al. to be non-significant on both univariate and multivariate
analysis.29

In conclusion, our data demonstrate that never smokers and former/current smokers with
lung adenocarcinomas are not homogeneous subgroups. Each group is made up of
individuals with a set of disparate mutations that, in sum, generates an overall prognosis.
Never smokers carry a higher proportion of EGFR mutations, but this should not lead to
reflexive treatment of never smokers with an EGFR TKI. Conversely, EGFR mutations do
occur in former/current smokers, who exhibit a similar survival outcome as never smokers
when treated with an EGFR TKI. All patients with lung adenocarcinoma, regardless of
smoking history, should undergo testing for EGFR mutations and rearrangements in ALK in
an effort to match patients with an appropriate targeted therapy. Patients who are wild-type
for mutations in EGFR and KRAS and who do not exhibit ALK rearrangements should have
their tumors are prioritized for future molecular profiling efforts. Clinical trials of unselected
lung adenocarcinoma patients and trials of patients who do not harbor mutations in EGFR/
KRAS or rearrangements in ALK should be stratified by smoking history.
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Figure 1.
Relative frequency of driver mutations in never smokers and former/current smokers with
lung adenocarcinoma. Other/uncharacterized denotes patients without a mutation in EGFR
or KRAS or rearrangement in ALK. Differences in the frequency of each mutation between
never smokers and former/current smokers were significant in all cases (p<0.0001 for all
genotypes).
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Figure 2.
A–C. Overall survival in advanced stage (IIIB/IV) lung adenocarcinoma never smokers and
former/current smokers harboring (A) EGFR mutations; (B) KRAS mutations; and (C) ALK
rearrangements.
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Figure 3.
Overall survival in advanced stage (IIIB/IV) lung adenocarcinoma never smokers and
former/current smokers with other/uncharacterized genotype.

Paik et al. Page 12

Cancer. Author manuscript; available in PMC 2013 December 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text

Paik et al. Page 13

Ta
bl

e 
1

Pa
tie

nt
 C

lin
ic

al
 C

ha
ra

ct
er

is
tic

s 
by

 G
en

ot
yp

e 
an

d 
Sm

ok
in

g 
H

is
to

ry

E
G

F
R

 m
ut

at
io

n
K

R
A

S 
m

ut
at

io
n

A
L

K
 r

ea
rr

an
ge

m
en

t
U

nc
ha

ra
ct

er
iz

ed

N
ev

er
 s

m
ok

er
F

or
m

er
/c

ur
re

nt
 s

m
ok

er
p

N
ev

er
 s

m
ok

er
F

or
m

er
/c

ur
re

nt
 s

m
ok

er
p

N
ev

er
 s

m
ok

er
F

or
m

er
/c

ur
re

nt
 s

m
ok

er
p

N
ev

er
 s

m
ok

er
F

or
m

er
/c

ur
re

nt
 s

m
ok

er
p

C
ha

ra
ct

er
is

ti
c

T
ot

al
 P

at
ie

nt
s

11
0 

(3
8%

)
54

 (
14

%
)

<
0.

00
1

14
 (

5%
)

15
7 

(4
1%

)
<

0.
00

1
35

 (
12

%
)

9 
(2

%
)

<
0.

00
1

13
4 

(4
6%

)
16

2 
(4

3%
)

A
ge

   
M

ed
ia

n
63

68
0.

38
63

66
0.

27
57

71
0.

10
66

66
0.

24

   
R

an
ge

39
–8

8
45

–8
6

31
–7

8
40

–8
6

32
–8

4
42

–8
4

39
–8

9
33

–8
6

   
≥7

0
38

 (
35

%
)

24
 (

44
%

)
3 

(2
1%

)
55

 (
35

%
)

9 
(2

6%
)

5 
(5

6%
)

49
 (

37
%

)
50

 (
31

%
)

K
PS

   
M

ed
ia

n
90

80
0.

95
80

80
0.

71
80

80
0.

4
90

80
0.

04

   
R

an
ge

60
–9

0
60

–9
0

60
–9

0
50

–9
0

60
–9

0
80

–9
0

60
–9

0
30

–9
0

   
≤7

0
11

 (
16

%
)

5 
(1

5%
)

0
27

 (
25

%
)

5 
(1

4%
)

0
18

 (
20

%
)

31
 (

27
%

)

Pa
ck

-y
ea

rs
 s

m
ok

ed

   
M

ed
ia

n
18

32
15

31

   
R

an
ge

1–
90

1–
15

0
1–

60
1–

15
0

G
en

de
r

   
W

om
en

 (
%

)
77

 (
70

%
)

39
 (

74
%

)
0.

71
11

 (
92

%
)

11
0 

(7
0%

)
0.

18
18

 (
51

%
)

4 
(4

4%
)

1.
0

10
4 

(7
3%

)
82

 (
50

%
)

0.
16

St
ag

e

   
I–

II
IA

42
 (

38
%

)
20

 (
37

%
)

0.
20

4 
(2

9%
)

50
 (

32
%

)
0.

12
5 

(1
4%

)
1 

(1
1%

)
0.

42
45

 (
36

%
)

48
 (

30
%

)
0.

82

   
II

IB
/I

V
68

 (
62

%
)

34
 (

63
%

)
10

 (
71

%
)

10
7 

(6
8%

)
30

 (
86

%
)

8 
(8

9%
)

89
 (

64
%

)
11

4 
(7

0%
)

E
th

ni
ci

ty

   
W

hi
te

87
 (

79
%

)
47

 (
87

%
)

0.
54

10
 (

71
%

)
14

4 
(9

2%
)

0.
38

26
 (

74
%

)
8 

(8
9%

)
0.

29
11

6 
(8

7%
)

14
1 

(8
7%

)
0.

89

Cancer. Author manuscript; available in PMC 2013 December 01.



$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text

Paik et al. Page 14

Ta
bl

e 
2

T
re

at
m

en
t b

y 
G

en
ot

yp
e,

 A
dv

an
ce

d 
St

ag
e 

Pa
tie

nt
s

E
G

F
R

 m
ut

at
io

n
K

R
A

S 
m

ut
at

io
n

A
L

K
 r

ea
rr

an
ge

m
en

t

N
ev

er
sm

ok
er

F
or

m
er

/c
ur

re
nt

sm
ok

er
p

N
ev

er
sm

ok
er

F
or

m
er

/c
ur

re
nt

sm
ok

er
p

N
ev

er
sm

ok
er

F
or

m
er

/c
ur

re
nt

sm
ok

er
p

C
ha

ra
ct

er
is

ti
c

N
 (

%
)

N
 (

%
)

N
 (

%
)

N
(%

)
N

 (
%

)
N

 (
%

)

N
um

be
r 

of
 r

eg
im

en
s

   
M

ed
ia

n
2

2
1

1
2

2

   
R

an
ge

0–
6

1–
5

0–
4

0–
6

0–
5

1–
6

T
re

at
m

en
t w

ith
 E

G
FR

 T
K

I

   
Y

es
60

 (
88

%
)

25
 (

76
%

)
0.

57
1 

(1
0%

)
8 

(7
%

)
0.

95
8 

(2
7%

)
1 

(1
3%

)
0.

29
   

N
o

3 
(4

%
)

3 
(9

%
)

9 
(9

0%
)

77
 (

72
%

)
22

 (
73

%
)

7 
(8

7%
)

   
U

nk
no

w
n

5 
(7

%
)

5 
(1

5%
)

0
22

 (
21

%
)

0
0

T
re

at
m

en
t w

ith
 c

ri
zo

tin
ib

*

   
Y

es
12

 (
40

%
)

3 
(4

0%
)

   
M

ed
ia

n 
du

ra
tio

n 
(m

on
th

s)
7

7

   
M

ea
n 

du
ra

tio
n 

(m
on

th
s)

7
5

   
D

ur
at

io
n 

ra
ng

e 
(m

on
th

s)
0.

4–
18

.8
0.

5–
8.

8

* Pa
tie

nt
s 

w
er

e 
no

t t
re

at
ed

 b
ey

on
d 

di
se

as
e 

pr
og

re
ss

io
n.

Cancer. Author manuscript; available in PMC 2013 December 01.


