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Abstract
Introduction—The identification of somatic genomic aberrations in non-small-cell lung cancer
(NSCLC) is part of evidence-based practice guidelines for care of patients with NSCLC. We
sought to establish the frequency and correlates of these changes in routine patient-tumor sample
pairs.
Methods—Clinicopathologic data and tumor genotype were retrospectively compiled and
analyzed from an overall cohort of 381 patient-tumor samples.
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Results—Of these patients, 75.9% self-reported White race, 13.1% Asian, 6.5% Black, 27.8%
were never-smokers, 54.9% former-smokers and 17.3% current-smokers. The frequency of EGFR
mutations was 23.9%(86/359), KRAS mutations 34.2%(71/207) and ALK FISH positivity
9.1%(23/252) in tumor samples, and almost all had mutually exclusive results for these
oncogenes. In tumors from White, Black and Asian patients, the frequencies of EGFR mutations
were 18.4%, 18.2% and 62%, respectively; of ALK FISH positivity 7.81%, 0% and 14.8%,
respectively; and of KRAS mutations 41.6%, 20% and 0%. These patterns changed significant
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with increasing pack-year history of smoking. In White patients, the frequencies of EGFR
mutations and ALK FISH positivity decreased with increasing pack-year cohorts; while the
frequencies of KRAS mutations increased. Interestingly, in Asian patients the frequencies of
EGFR mutations were similar in never smokers and in the cohorts with less then 45pack-year
histories of smoking and only decreased in the 45pack-year plus cohort.
Conclusions—The frequencies of somatic EGFR, KRAS, and ALK gene abnormalities using
routine lung cancer tissue samples from our United States-based academic medical practice reflect
the diverse ethnicity (with a higher frequency of EGFR mutations in Asian patients) and smoking
patterns (with an inverse correlation between EGFR mutation and ALK rearrangement) of our
tested population. These results may help other medical practices appreciate the expected results
from introduction of routine tumor genotyping techniques into their day-to-day care of NSCLC.
Keywords
lung cancer; non-small-cell lung cancer; never smokers; epidermal growth factor receptor; EGFR;
anaplastic lymphoma kinase; ALK; KRAS; tumor genotype; ethnicipty; Asian; White; Black
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The most common form of lung cancer - non-small-cell lung cancer (NSCLC) – is
characterized by subgroups enriched for driver oncogene aberrations. The most prevalent
mutated or rearranged oncogenes identified NSCLCs are v-ki-ras2 Kirsten rat sarcoma viral
oncogene homolog (KRAS), epidermal growth factor receptor (EGFR), anaplastic
lymphoma kinase (ALK), among others (1;2). The latter two changes, mutations in EGFR
and rearrangements (either inversions or translocations) involving ALK, are robust
predictive biomarkers for improved outcomes with tyrosine kinase inhibitors (TKIs), such as
erlotinib and crizotinib, respectively (3–5). Interestingly, EGFR mutations and ALK
rearrangements are more frequently identified in adenocarcinomas and in never and/or light
smokers; while KRAS mutations are more common in former or current smokers (6–9).
Significant variations in the frequency of these somatic tumor molecular changes are evident
in different racial and ethnical groups with a diagnosis of NSCLC; with EGFR mutations
being more prevalent in tumors from patients with self-reported Asian race and KRAS
mutations predominating in self-reported White race (6;9).
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In most United States-based academic medical practices that treat NSCLC the population of
patients seen is mixed with a variety of heterogeneous racial groups and smoking habits; and
the frequency of common driver oncogenes in tumors from these patients is not well defined
using commercially-available genotyping techniques. In metropolitan areas of the NorthEast New England region of the United States, most NSCLCs are diagnosed in former or
current smokers of White race; however never smokers and patients with Asian or Black/
African-American race can comprise close to 20% of the diagnosed NSCLC cases (10). We
sought to better elucidate how self-reported race and smoking status affected the frequency
of somatic tumor genotype aberrations of NSCLCs in an academic medical practice based in
Boston (Massachusetts in the United States) that sees a heterogeneous group of patients
afflicted with NSCLC.

MATERIALS AND METHODS
Patient selection
Patients with a diagnosis of lung cancer, who were seen by our providers and whose tumors
were genotyped for at least EGFR mutations were identified through an ongoing
Institutional Review Board (IRB) approved protocol at Beth Israel Deaconess Medical
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Center (BIDMC). Patients and tumor pairs were excluded if genotyping was not performed.
There were 381 patient-tumor specimens that were submitted to a commercial vendor for
tumor genotype techniques between 2007 and 2012. The data cut off for analyses was
December 19th, 2012. The tumor specimens selected during routine clinical care that were
retrospectively reviewed in this dataset reflect evolving tumor genotyping recommendations
from 2007 to 2012 (1;2).
Tumor genotype
After a routine diagnosis of lung cancer was established on histologic and/or
immunohistiologic slides from surgical specimens, core needle biopsies or cell aspirates/
concentrates, the residual material in the formalin-fixed paraffin-embedded (FFPE) tissue
blocks were submitted for molecular analysis. EGFR mutation analysis was performed using
standard DNA sequencing techniques and exons 18 to 21 were sequenced (11;12). For
KRAS mutation analysis, DNA from exon 2 was amplified and subjected to single
nucleotide primer extension to detect mutations at codons 12 and 13. ALK translocation
status was analyzed using the Vysis ALK Break-Apart fluorescence in situ hybridization
(FISH) probe (Abbott Molecular, Inc., Des Plaines, IL), as previously described (8).
Data collection
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Clinical, pathologic, radiographic and tumor genotyping (for EGFR and KRAS mutation
status and ALK translocation status) was collected from chart extraction. The histology of
the tumor was retrospectively obtained from diagnostic pathology reports; and the
incorporation of histological and immunohistochemical markers was not prospectively
standardized. BIDMC’s medical chart system provides details on patient’s self-reported race
following United Status census (White, Black or African American, Asian, etc). Pack-years
history of smoking was extracted from patient’s self-reported smoking status. Study data
were collected and managed using REDCap electronic data capture tools hosted at BIDMC.
Statistical methods
Fisher’s exact test was used to compare categorical variables and Wilcoxon rank for
numerical variables. All p-values reported were two-sided. Statistical analyses were
performed with STATA version 12 (STATA Corp, College Station, TX).

RESULTS
Patient and tumor characteristics
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The complete cohort comprised 381 patient-tumor pairs. The mean age at time of diagnosis
was 65 and 61.2% were women. Self-reported racial groups in this cohort were 75.9%
White, 13.1% Asian, 6.5% Black and 4.4% others or mixed racial groups. 17.3% of patients
were current smokers, 54.9% were former smokers and 27.8% never smokers. Out of these
lung cancers, 6.3% were staged by the 7th TNM staging system as stage I, 5.7% as stage 2,
12.1% as stage III, and 73.8% as stage IV. The latter predominance of advanced stages
reflects current evidence-based guidelines to genotype advanced tumors (1;5). Most
genotyped tumors had adenocarcinoma histology (86.1%), followed by NSCLC not
otherwise specified (10.2%), squamous cell carcinoma (2.89%) and others (0.7%). EGFR
mutation analysis was successful in 94.2% (359/381) of tumors, KRAS mutation in 91.6%
(207/226) of tested tumors, and ALK FISH in 91.6% (252/275) of tested samples.
The overall frequency of EGFR mutations was 23.9% (86/359), of KRAS mutations 34.2%
(71/207) and of ALK FISH positivity 9.1% (23/252) in tumor samples with successful
genotype. Out of the 182 samples that had successful assays for all three tests, only 3 (1.6%)
had concurrent positive results (2 cases with ALK FISH and KRAS mutations, and 1 case
Lung Cancer. Author manuscript; available in PMC 2014 October 01.
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with an atypical EGFR G724fs mutation and a KRAS mutation). These were excluded from
further analysis. All other cases had mutually exclusive findings when one of the three
aberrations was identified.
Table 1 summarizes the patient and tumor characteristics of the cases with positive findings
for EGFR mutation, Table 2 for ALK FISH, and Table 3 for KRAS mutation. EGFR
mutated NSCLCs were enriched in patients with a never smoking history, with non-White
ethnicity and women (Table 1). ALK rearranged tumors were more prevalent in patients
with a never smoking history and younger age (Table 2). KRAS mutated NSCLCs were
enriched in former/current smokers and in patients with non-Asian ethnicities (Table 3).
Due to the significant interactions of EGFR, ALK and KRAS aberrations with baseline selfreported race and smoking history, we decided to study these factors in more detail.
Frequency of EGFR mutation, KRAS mutation and ALK FISH by smoking status
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We subgrouped the patient-tumor samples in four distinct smoking categories: never
smokers (<100 cigarettes over lifetime), more than 0 but less than or equal to 15 pack-years
(1–15 pack-years), more than 15 but less than or equal to 45 pack-years (16–45 pack-years),
and more than 45 pack-years (>45 pack-years). The frequency of tumor somatic mutations
in these different cohorts for EGFR (Figure 1A), ALK (Figure 1B) and KRAS (Figure 1C)
changed with increasing smoking. To analyze the effect of smoking in the frequency of
these three genomic changes, we restricted our analysis to the 179 patient-tumor samples
that had all three tumor genotype techniques performed, had successful assays and had no
overlap in test results. Out of the 50 never smokers, EGFR mutations were present in 46% of
tumors, ALK FISH positivity was seen in 14%, KRAS mutations were present in 6%, and
34% were “triple negative” for these gene mutations (Figure 1D). The tumor frequencies
changed to EGFR 5%, ALK FISH 2% and KRAS 43% in the 129 patients with a smoking
history (Figure 1D). The differences in distribution between all these smoking cohorts were
significant (p<0.0001), indicating that smoking history clearly affects the frequency of
EGFR mutation, ALK FISH positivity and KRAS mutation in a given NSCLC population.
Out of all KRAS mutations identified, the most common were tranversion mutations (G–T
or G–C) including G12C (34 cases), G12V (17 cases), G12R (3 cases), G12A (2 cases) and
G13C (1 case); while transition mutations (G–A) were less common (11 cases G12D and 2
cases G13D). In never smokers, 1/3 (25%) KRAS mutations were transition while in
smokers 12/66 (18.1%) were transition (p=0.57).
Frequency of EGFR mutation, KRAS mutation and ALK FISH by self-reported race
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To analyze the effect of race on frequency of these tumor somatic genetic alterations, we
subdivided our patients into their self-reported racial categories (Figure 2).
From the 272 White patients with a successful tumor EGFR analysis, the frequency of
EGFR mutations was 18.4% (50/272). Out of the 50 Asian patients, the frequency was
significant higher at 62% (31/50; p<0.0001 when compared to White). Out of the 22 Black
patients, the frequency was 18.2% (4/22; p=1.0 when compared to White).
From the 192 White patients with a successful tumor ALK FISH analysis, the frequency of
ALK rearrangement was 7.81% (15/192). Out of the 27 Asian patients, the frequency was
14.8% (4/27; p=0.27 when compared to White). Out of the 21 Black patients, the frequency
was 0% (0/21; p=0.37 when compared to White).
From the 161 White patients with a positive tumor KRAS analysis, the frequency of KRAS
mutation was 41.6% (67/161). Out of the 21 Asian patients, the frequency was significantly
Lung Cancer. Author manuscript; available in PMC 2014 October 01.
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lower at 0% (0/21; p<0.001 when compared to White). Out of the 21 Black patients, the
frequency was again lower at 20% (3/15; p=0.16 when compared to White).
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In White patients, the frequencies of EGFR mutations decreased with increasing pack-year
cohorts (Figure 2A). The frequencies of ALK FISH positivity also decreased with increasing
pack-year cohorts (Figure 2B). The frequencies of KRAS mutations increased from never
smokers to ever smokers (Figure 2C).
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Out of the patient-tumor samples in which the patient reported the racial category as other,
11 patients self-reported Hispanic/Latino ethnicity. Out of these cases, the frequencies of
EGFR mutations were 9.1% (1/11; p=0.70 when compared to White), of ALK FISH
positivity 33.3% (3/9; p=0.036 when compared to White) and of KRAS mutations 0% (0/9;
p=0.012 when compared to White).

In Black patients, the frequencies of EGFR mutations (75% never smokers [all women], 0%
1–15 pack-years, 16.6% [20% women and 0% men, p=1] 16–45 pack-years and 0% >45
pack-years) also showed a trend to decrease numerically with increasing pack-years of
smoking (Figure 2A). KRAS mutations were only seen in the 16–45 pack-years (2/5, 40%
[50% in women and 0% in men; p=1.0] and >45 pack-year cohorts (1/6, 16.6% [all men]).
Interestingly, in Asian patients the frequencies of EGFR mutations were similar in never
smokers and in the cohorts with less then 45 pack-year histories of smoking (Figure 2A).
The frequencies of EGFR mutations were 63.6% (69.2% in women and 50% in men;
p=0.39) never smokers, 60% (all men) 1–15 pack-years, 71.4% (all men) 16–45 pack-years
(Figure 2A). This high frequency only decreased to 33.3% (all men) in the 45 pack-year plus
cohort (Figure 2A).

DISCUSSION
The frequencies of EGFR, KRAS and ALK gene aberrations in lung adenocarcinoma tumor
samples are known to be associated with self-reported race, smoking status and sex (2). We
performed a comprehensive analysis of a heterogeneous population of patients with
predominantly advanced NSCLC who had tumor genotype performed as part of their routine
clinical care, and confirmed the association of race and smoking status with the frequency of
the aforementioned driver oncogene changes.
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EGFR mutated NSCLCs have been known to be enriched in Asian populations, never
smokers and women since the original reports of these mutations first occurred in 2004–
2005 (6;7;13;14). In European-based practices, with mostly White patients, the overall
frequency of EGFR mutations in lung adenocarcinoma samples is below 15–20% (15);
while the frequency in Asian-based practices exceeds 35–45% (6;16). Most United Statesbased practices see patients of multiple self-reported racial categories. In one of the largest
series of tumors sequenced for EGFR mutations the Thoracic Oncology service at Memorial
Sloan-Kettering Cancer Center (MSKCC) reported that the frequency of tumor EGFR
mutations was 17.5% in 2736 White patients, 55.1% in 136 Asian/Pacific patients and in
20.8% in 77 Black patients (17). Our own data corroborates these observations and the
distribution of patient ethnicities that had their NSCLC tumors genotyped. The consistency
of these results highlights the expected frequency of EGFR mutations by self-reported race.
The effect of smoking history is the main determinant of the frequency of EGFR mutations
in most NSCLC populations (7;18). In United States-based centers, EGFR mutated tumors
comprise around 40% of never smokers (19) while EGFR mutated tumors comprise more
than 55–70% of Asian-based NSCLC never smoker cohorts (18;20). The frequency of
EGFR mutated NSCLC, in mostly White patients, is known to decreased with increasing
pack-years of smoking (17). As an example, in the aforementioned MSKCC data of 3026
Lung Cancer. Author manuscript; available in PMC 2014 October 01.
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patients, the frequency of EGFR mutations changed from 42.5% in never smokers to below
8.5% in patients with more than 26 pack-years (17). Interestingly, even cohorts with 1–10
pack-years had frequencies of EGFR mutations below 28% (17;21). Our data with White
and Black patients is similar to these numbers. We observed in our White patients with
NSCLC a decreasing frequency with increasing smoking dose (from ~35% in never
smokers, to around 20% in 1–15 pack-years, to ~15% in 16–45 pack-years to below 7% in
the cohort with >45 pack-years). In Asian patients, the effects of smoking on decreasing the
frequency of EGFR mutations were only noticeable in the >45 pack-year smoking cohort;
and the number of EGFR mutated NSCLCs exceed 60% in all other groups. Although
female sex is more frequent than male sex in patients with EGFR mutated NSCLC, this
association is linked to smoking status in many Asian countries (18). Indeed, in our series
none of the Asian women had smoking histories. In both our Asian and White patient
populations, EGFR mutations were numerically more frequent in women than men. Female
sex, for unknown reasons, is known to be one of the most robust risk factors in case controls
studies of the risk of EGFR mutated NSCLC (22).
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ALK gene rearrangements also have been known to be enriched in never smokers since the
original reports of these inversions or translocations first occurred in 2007–2009 (8;23). In
both Asian and White populations, the overall frequency of ALK rearrangements is reported
to be around 5% (24;25). However, the frequency can be as high as 20% in never smokers
with lung adenocarcinomas (4;8;26). An effect of race on the frequency of ALK
rearrangements has not been routinely reported (24;25). Our cohort corroborates these prior
observations. Near 18% of Asian and White NSCLCs in our series harbored ALK
rearrangements. The frequency of ALK FISH positivity decreased with incremental packyears history of smoking (~20% in never smokers to <2% in the cohort with >45 packyears). Our small number of cases precludes conclusions regarding the true frequencies of
ALK rearrangements in Black patients and in patients of Hispanic/Latino ethnicity with
NSCLC.
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As opposed to EGFR mutations and ALK rearrangements, KRAS mutations are known to be
associated with increasing smoking histories (9). In the largest published series of KRAS
genotyped NSCLCs (2529 cases), the frequency of KRAS mutations increased from 6.4% in
never smokers to near 40% in tumors from patients with more than 16 pack-years history of
smoking (17). Our series closely mirrors these observations. In White patients, KRAS
mutated NSCLCs accounted for ~10% of never smokers with NSCLC but increased to near
45–50% of tumors in smoking cohorts. KRAS mutations in smokers are more frequently
transversion mutations (G–C or G–T), which are though to be a marker of a smoking
carcinogen signature (17). In our series, transversion KRAS mutations accounted for over
80% of mutations in smokers. KRAS mutations are not common in Asian patients, even
those with significant smoking histories (9). The reason(s) for the lack of KRAS mutated
NSCLC in Asians with NSCLC are not clear. In our series, none of our Asian patients
genotyped for this oncogene had KRAS mutations.
The effects and associations of race, sex and smoking history on the frequencies of EGFR,
KRAS and ALK gene aberrations in lung adenocarcinoma confirmed in this report have
important clinical implications. In EGFR mutated NSCLCs with classic EGFR exon 19
deletions or the L858R mutation, clinical responses can be achieved in more than 70% of
patients with the use of the reversible EGFR TKIs gefitinib or erlotinib (2); and the
evidence-based use of these drugs is now restricted to EGFR mutated NSCLCs in the first
line treatment of advanced tumors (5;27). In ALK rearranged NSCLCs, the multitargeted
ALK TKI crizotinib also leads to clinical responses in most patients; and the evidence-based
use of this drug is only approved for metastatic ALK rearranged NSCLCs (4;24;28).
Although KRAS mutated NSCLCs don’t have a targetable inhibitor to date, recent advances
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have shown promise for the use of cytotoxic chemotherapies with MEK inhibitors – among
other strategies – for these recalcitrant tumors (29;30). And, in addition, since KRAS
mutations are usually mutually exclusive with other driver genetic changes, the
identification of KRAS mutated NSCLC may help define a subset of NSCLCs that may not
require additional tumor genotyping for novel driver actionable oncogenes (31).
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In never smokers with lung adenocarcinomas, most tumors will have EGFR mutations or
ALK rearrangements (>80% of Asian never smoker-related NSCLCs, and in >60% of
White/Black never smoker-related NSCLCs) and will be able to reap the palliative benefits
of approved oral TKIs against these driver oncogenes. Since never smokers seem to be
groups that are also enriched for other driver oncogenic aberrations that in preclinical
models can be inhibited by currently available or in development TKIs (such as ROS1
rearrangements, ERBB2 mutations, RET rearrangements and BRAF mutations) it is
expected that additional biomarker-based antineoplastics will be approved for nearly all
never smokers with advanced NSCLC (31;32). Never smokers with NSCLC may be an ideal
group to have their tumors genotyped using targeted next-generation sequencing to obtain
somatic mutational events, rearrangements and copy number changes (33). However, it is
clear that many of the aforementioned mutations or gene rearrangements also occur in
smokers and it is essential to genotype all lung adenocarcinomas (and maybe all NSCLCs)
to guarantee complete identification of all cases with a clinically-relevant driver oncogene.
In patients with a significant history of smoking and NSCLC, the frequency of KRAS
mutated tumors is exorbitantly high in White patients (in our report close to 50%);
highlighting both the urgent unmet need of identifying palliative therapeutic strategies that
can target KRAS mutations and the need to increase the number of clinical trials that are
specific for KRAS mutated NSCLC (30).
In summary, we confirm prior observations that the frequencies of somatic EGFR, KRAS,
and ALK gene abnormalities from United States-based academic medical practices reflect
the diverse ethnicity and smoking patterns of the tested population. The knowledge of these
frequencies may help other medical practices appreciate the expected results from
introduction of routine tumor genotyping techniques into their day-to-day care of NSCLC.
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FIGURE 1.

Frequencies of EGFR mutations (A), ALK FISH positivity (B) and KRAS mutations within
increasing cohorts of smoking history (from never smokers to >45 pack-years history of
smoking). Concurrent frequency of EGFR mutations, ALK FISH positivity and KRAS
mutations in never smokers and smokers (D) successfully tested for all three tumor
genotypes.
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FIGURE 2.

Frequencies of EGFR mutations (A), ALK FISH positivity (B) and KRAS mutations (C)
within increasing cohorts of smoking history (from never smokers to >45 pack-years history
of smoking) by self-reported race (White, Asian or Black).
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Table 1

Baseline characteristics of patients and tumors successfully tested for EGFR mutations.

NIH-PA Author Manuscript

EGFR tested (n=359)
EGFR mutated (n=86)

EGFR WT (n=273)

p-value

65(33–90)

65(29–88)

1.00

64(74.4)

158 (71.2)

0.006

White

50(58.1)

222(81.3)

Ref.

Asian

31(36.1)

18(6.59)

<0.0001

Black

4(4.65)

10(3.66)

<0.0001

Other

1(1.16)

19(6.96)

<0.0001

Age at the time of biopsy median(range)
Women n (%)
Race n (%)

Smoking status n (%)

NIH-PA Author Manuscript

Current smoker

4(4.65)

58(21.3)

<0.0001

Former smoker

37(43.0)

158(57.9)

<0.0001

Never smoker

45(52.3)

57(20.9)

Ref.

I

3(3.49)

20(7.33)

0.21

II

6(6.98)

16(5.86)

1.00

Stage n (%)

III

7(8.14)

38(13.9)

0.14

IV

70(81.4)

190(72.9)

Ref.

84(97.7)

226(82.8)

Ref.

0(0)

10(3.66)

0.07

2(2.33)

35(12.8)

0.002

0(0)

2(0.73)

1.00

Histology n (%)
Adenocarcinoma
Squamous cell carcinoma
NSCLC (NOS)
Others

NSCLC, non-small-cell lung cancer; NOS, not otherwise specified.
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Table 2

Baseline characteristics of patients and tumors successfully tested for ALK FISH.

NIH-PA Author Manuscript

ALK tested (n=252)
ALK rearranged (n=23)

ALK FISH negative (n=229)

p-value

56(29–80)

65(33–90)

0.0003

11(47.8)

143(62.5)

0.18

White

15(65.2)

177(77.3)

Ref.

Asian

4(17.4)

24(10.5)

0.28

Black

0(0)

21(9.17)

0.37

Other

4(17.4)

7(3.06)

0.01

Age at the time of biopsy median(range)
Women n (%)
Race n (%)

Smoking status n (%)

NIH-PA Author Manuscript

Current smoker

1(4.35)

52(22.7)

0.002

Former smoker

8(34.8)

120(52.4)

0.42

Never smoker

14(60.9)

57(24.9)

Ref.

I

1(4.35)

17(7.42)

1.00

II

0(0)

12(5.24)

0.61

Stage n (%)

III

2(8.70)

27(11.8)

0.75

IV

20(87.0)

173(75.5)

Ref.

Adenocarcinoma

21(91.3)

190(83.0)

Ref.

Squamous cell carcinoma

1(4.35)

7(3.06)

0.58

NSCLC (NOS)

1(4.35)

29(12.7)

0.33

0(0)

3(1.31)

1.00

Histology n (%)

Others

NSCLC, non-small-cell lung cancer; NOS, not otherwise specified.
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Table 3

Baseline characteristics of patients and tumors successfully tested for KRAS mutations.

NIH-PA Author Manuscript

KRAS tested (n=207)
KRAS mutated (n=71)

KRAS WT (n=136)

p-value

65(45–88)

65(29–89)

0.0003

49(69.0)

83(61.0)

0.29

White

67(94.4)

94(69.1)

Ref.

Asian

0(0)

21(15.4)

0.0001

Black

3(4.23)

12(8.82)

0.17

Other

1(1.41)

9(6.68)

0.053

Current smoker

20(28.2)

19(14.0)

0.0001

Former smoker

47(66.2)

66(48.5)

0.0001

Never smoker

4(5.63)

51(37.5)

Ref.

I

6(8.45)

7(5.15)

0.36

II

5(7.04)

8(5.88)

0.76

III

10(14.1)

16(11.8)

0.65

IV

50(70.4)

105(77.2)

Ref.

65(91.6)

108(79.4)

Ref.

0(0)

9(6.62)

0.03

6(8.45)

17(12.5)

0.36

0(0)

2(1.47)

0.53

Age at the time of biopsy median(range)
Women n (%)
Race n (%)

Smoking status n (%)

NIH-PA Author Manuscript

Stage n (%)

Histology n (%)
Adenocarcinoma
Squamous cell carcinoma
NSCLC (NOS)
Others

NSCLC, non-small-cell lung cancer; NOS, not otherwise specified.
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