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Abstract

Background: The phase III S0819 trial investigated addition of cetuximab to first-line 

chemotherapy (CT) in NSCLC. Subgroup analyses suggested an OS benefit among patients with 

EGFR copy number gain in squamous cell carcinomas (SCC), (HR=0.58 [0.39–0.86], p=0.0071). 

A more detailed model based on EGFR FISH, EGFR IHC and KRAS mutation status was 

evaluated to yield a more precise predictive paradigm of cetuximab-based therapy in advanced 

NSCLC.

Methods: FISH was performed using the Colorado Scoring Criteria; H-Score was used to 

quantify EGFR IHC expression (cut-off ≥ 200). A Cox model was used to assess treatment 

effects for OS and PFS within biomarker and clinical subgroups. KRAS mutation was 

analyzed using Therascreen. The false discovery rate controlled for multiple comparisons. S0819 

ClinicalTrials.gov Identifier: NCT00946712.

Results: Of 1,313 eligible patients, assay results were obtained for FISH on 976 patients (41% 

positive), for IHC on 945 patients (31% positive), and KRAS mutation status on 627 patients (26% 

positive). In SCC patients, OS was significantly improved with addition of cetuximab when both 
EGFR FISH and EGFR IHC were positive (N= 58), (OS HR: 0.32 [95% CI 0.18–0.59]; p=0.0002, 

q=0.08), median 12.6 vs 4.6 months. The results were independent of KRAS mutation status. In 

Non-SCC, no predictive value of EGFR IHC, EGFR FISH status and/or KRAS status was seen.

Conclusions: In NSCLC SCC, a combination index of EGFR FISH plus EGFR IHC results was 

associated with improved OS when cetuximab was added to CT, representing a potential predictive 

molecular paradigm for patients suitable for EGFR-antibody therapy.

MicroAbstract

A molecular model was investigated to predict outcome of patients enrolled on the S0819 clinical 

trial which investigated the addition of cetuximab to first-line chemotherapy (with or without 

bevacizumab) in 1,313 NSCLC patients. In squamous cell histology with evaluable markers (n = 

321), increased EGFR copy number by FISH plus elevated EGFR protein expression by IHC was 

associated with significantly improved OS when cetuximab was added to CT.
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Introduction

The SWOG S0819 trial (1) was an open-label, phase III study, designed to evaluate the 

efficacy of cetuximab, a highly specific chimeric monoclonal IgG1 antibody targeting 

EGFR, in addition to carboplatin-paclitaxel or carboplatin-paclitaxel-bevacizumab as first-

line treatment for advanced NSCLC. The design of this study has been previously described 

Hirsch et al. Page 2

Clin Lung Cancer. Author manuscript; available in PMC 2023 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://ClinicalTrials.gov
https://clinicaltrials.gov/ct2/show/NCT00946712


(2) and the primary results have been published (1). Prior to S0819, cetuximab had been 

investigated in combination with platinum-based chemotherapies for the treatment of CT-

naïve patients with advanced NSCLC in unselected patient populations and among patients 

with higher expression levels by immunohistochemistry (3–8). Accordingly, the design 

of S0819 included an evaluation of EGFR by fluorescence in situ hybridization (FISH) 

as a potential predictive biomarker for cetuximab in this population. To investigate this 

directly, S0819 included two co-primary objectives: a comparison of OS in the entire study 

population and PFS in patients with an increased gene copy number of EGFR, assessed 

by FISH. While there were no significant differences in the primary endpoints, secondary 

analyses suggested that in the sub-population of SCC patients with EGFR FISH-positive 

(FISH+), OS was significantly improved in the cetuximab-containing arm compared with 

the control arm, with an HR of 0.58 (95% CI 0.39–0.86; p = 0.007), median OS of 6.1 

months (95% CI 4.2–8.7) and 11.8 months (95% CI 8.6–13.5) in the control and cetuximab-

containing arms, respectively. These data suggested that further biomarker analysis was 

warranted to determine which patients derive benefit from the addition of cetuximab to 

platinum chemotherapy.

The S0819 study also included a prospective evaluation of KRAS mutation status, a factor 

highly relevant to the success of EGFR-directed antibodies in colorectal cancer(9). KRAS 

mutations are rare in lung SCC histology, but frequent in lung non-SCC (>25%) (10). 

Evaluation of KRAS status was incorporated into S0819 to determine whether it played a 

similar predictive role in lung non-SCC cases.

Here, we evaluated the impact of EGFR protein expression and copy number, along with 

KRAS mutation status, on patient outcome in the S0819 clinical trial, the largest randomized 

study of cetuximab plus chemotherapy conducted to date.

Methods

Study design

The S0819 study design, characteristics, arm treatments, and eligibility criteria have been 

previously reported (1–2). This was a randomized, multicenter, phase III trial of carboplatin 

+ paclitaxel or carboplatin + paclitaxel + bevacizumab with or without concurrent cetuximab 

in patients with histologically or cytologically proven stage IV primary NSCLC that was 

newly diagnosed or recurrent after previous surgery and/or radiation. A co-primary objective 

of the study was to evaluate clinical outcomes within patients with EGFR FISH-positive 

(FISH+) NSCLC. Secondary objectives included an evaluation of outcomes by EGFR by 

IHC. An additional objective was to evaluate the role of KRAS; specifically to evaluate 

if there was evidence that KRAS mutations were associated with reduced efficacy of 

cetuximab treatment, as has been seen in colorectal cancer (11–12). Written informed consent 

for the use of tumor tissue for molecular analysis was obtained from each patient before 

enrollment into the study, as previously reported (1,).
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Procedures

Formalin-fixed, paraffin-embedded (FFPE) tumor specimens or needle aspirates on charged 

glass slides were required to be submitted prior to the start of therapy. As assessment of PFS 

in the FISH+ group was a co-primary objective, FISH testing was given priority. If adequate 

tissue remained, IHC testing was then performed, and subsequently any remaining tissue 

was evaluated for KRAS mutation status.

EGFR FISH analysis was performed at the University of Colorado using the “Colorado 

EGFR Scoring System” (13). Tumors were considered to be EGFR FISH+ if they harbored 4 

or more copies of EGFR in ≥ 40% of cells, or if they showed EGFR amplification (defined 

as gene-to-chromosome ratio ≥ 2 or presence of gene cluster or ≥ 15 gene copies in ≥ 10% 

of cells), all other tumors were classified as EGFR FISH-negative (FISH-).

IHC was also performed at the University of Colorado with the Dako EGFR pharmDX 

kit (Carpinteria, CA). Staining was performed according to the protocol and membrane 

staining was scored in four different categories, including no staining (0), weak staining 

(1+, light brown membrane staining, visible only with high magnification), intermediate 

staining (2+, between 1+ and 3+) and strong staining (3+, dark-brown linear membrane 

staining, visible just with low magnification). The H-Score system was used to generate 

a semi-quantitative score, ranging from 0 to 300 and was calculated with the following 

formula: 1 x (percentage of 1+ cells) + 2 x (percentage of 2+ cells) + 3 x (percentage of 3+ 

cells); the percentage of tumor cells showing the different staining intensities were assessed 

visually by the pathologist. A cut-off of ≥ 200 was considered as positive based on the above 

H-Score calculations.

KRAS mutation status was determined using the Therascreen KRAS test (QIAGEN 

Sciences, MD. USA.), conducted in a CLIA-certified diagnostic laboratory at the UC Davis 

Comprehensive Cancer Center.

Statistical analysis

Baseline characteristics were compared between patients with tumors that were FISH+, H-

Score ≥ 200, KRAS mutant, using an analysis of variance F-Score for age, and a Cochrane-

Mantel-Haenszel test of general association for categorical variables. To evaluate potential 

subgroup treatment effects, a stratified Cox proportional-hazards model was used for both 

overall survival and progression-free survival, with the randomized group as a covariate 

and including only patients within the subgroup. Forest plots were constructed to visually 

display hazard ratios and associated 95% confidence intervals; the column headings describe 

the major subgroup evaluated and row labels within these panels describe the combination 

subgroup evaluated (e.g. within the IHC+ panel, the F+ row denotes the subgroup with both 

FISH+ and IHC+ disease). To account for multiple comparisons, we used a false discovery 

rate (FDR) as measured by the q-value with significance set at 10% (14). In addition, SAS 

(version 9.4) and R (version 3.6.1) were used for all statistical analyses.
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Results

From August 13, 2009 to May 30, 2014, 1,333 patients were enrolled in the study; 20 

were deemed ineligible, resulting in 1,313 patients in the intention-to-treat (ITT) population: 

CT plus cetuximab arm (N = 656) and CT without cetuximab arm (N = 657) (Figure 1). 

A description of the full patient population and the population characteristics within the 

biomarker-defined subgroups is presented in Table 1. Of the 1,313 eligible patients, EGFR 

FISH was available for 976 patients (74%), EGFR IHC was available for 945 (72%) and 

KRAS molecular assessment was available for 627 (48%). Availability of biomarker data did 

not vary by patient characteristics. Of the patients with available biomarker data, 400 of 976 

(41%) were EGFR FISH positive (355 (88.8%) with high polysomy and 45 (11.2%) with 

gene amplification), 295 of 945 (31%) had an H-score ≥200 (IHC+), and 166 of 627 (26%) 

had KRAS mutations detected. The histology distribution among the patient subgroups are 

shown in Table 1. Consistent with the FLEX trial[15], patients with EGFR IHC+ disease 

relative to all NSCLC (and compared to FISH+/KRAS MT) were more likely to have SCC 

versus adenocarcinoma (ADC) (45% ADC in IHC+ versus 63% ADC in FISH+ and 81% 

ADC in KRAS MT).

Among those with known KRAS status, KRAS mutations were observed in 9% SCC, 36% 

with ADC, and 21% in other histologies. As is typical in NSCLC, the majority of cases were 

smoking-associated G12C (53%), with G12V at 17% and G12D at 16%.

Forest plots for OS and PFS hazard ratios are provided in Figure 2 and Supplementary 

Figure S1, respectively for subgroups defined by biomarker, histology, and treatment 

including bevacizumab. Supplementary Tables S1 and S2 include the sample size, number 

of events, median times, and summary statistics for the comparisons presented in the forest 

plots for OS and PFS, respectively. Details of the subgroup analyses follow.

Treatment Effects for patients with IHC+ disease

Evaluation of IHC+ disease on its own did not identify a subgroup that benefited from the 

addition of cetuximab (OS HR (95% CI) 0.82 (0.64 – 1.06), p = 0.13, q = 0.98)). However, 

for those with dual positive IHC+ and FISH+ disease, the HR for OS was 0.63 (95% CI 

0.44–0.91, p = 0.01, q =0.49). Among those who did not receive bevacizumab, the HR was 

0.59 (95% CI 0.39–0.90, p = 0.02, q = 0.49). For either bevacizumab group, this did not 

meet the multiplicity-adjusted threshold for significance.

Treatment Effects for patients with IHC+ plus FISH+ combination index

Treatment effects for the subgroup of patients with a positive combination index are 

summarized in Figure 2. When considering all histologic subtypes, treatment outcomes 

were not significantly different by the combination index. However, by histology, OS was 

significantly improved with cetuximab among patients with SCC histology and a positive 

combination index (FISH+/IHC+); HR OS = 0.32 (95% CI 0.18–0.59, p = 0.0002, q = 

0.08); this is the only comparison that met the multiplicity-adjusted threshold for statistical 

significance (q-values < 0.10). The median OS was 12.6 months (95% CI 7.9–15.9) for the 

cetuximab arm and 4.6 months (95% CI 3.4–7.3) for the control arm.
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Figure 3 displays the Kaplan-Meier curves for OS among patients with SCC histology by 

the combination index status. Figure 4 displays the data among non-SCC histology.

The hazard ratios for PFS tracked similarly in the subset with a positive combination index 

(HR PFS = 0.49 [95% CI 0.28 – 0.88], p = 0.02, q=0.49); however, this result did not 

meet the multiplicity threshold. Kaplan-Meier curves for PFS by IHC/FISH and histology 

are shown in Figure S2 and S3). In contrast to SCC, no significant differences between 

treatment arms were observed in nonSCC (Figure 2 and Figure 4).

Treatment Effects for patients with an H-score <= 200 (IHC-)

OS, PFS, and response did not differ between the treatment arms in any subgroup of patients 

with IHC-low/negative disease (p ≥ 0.20 and q ≥ 0.99 for all comparisons) (Figures 3B and 

4B).

Treatment effects by KRAS mutation status

KRAS mutation status was not associated with a treatment benefit. The HR (95% CI) for 

OS was 0.86 (0.61 – 1.20) for KRAS mutant and 0.86 (0.70 – 1.05) for wild-type KRAS. 

Similarly, for PFS the HR (95% CI) values were 0.99 (0.72 – 1.37) for KRAS mutant and 

0.94 (0.78 – 1.14) for KRAS wild type. Additionally, there was no evidence of a differential 

effect by KRAS status among patients with non-SCC disease as depicted in Figure 2. Figure 

5 shows the Kaplan-Meier curves of the 166 patients with a known KRAS mutation: 16 

had SCC, 7 with an H-score ≥ 200, and 7 with FISH+ disease. Since KRAS mutations 

predominantly occur in non-squamous, Figure 5 depicts the distribution of OS and PFS by 

arms and by KRAS MT versus WT patients within the non-SCC population. The distribution 

of specific KRAS amino acid substitutions is shown in Table S3.

Discussion

The S0819 trial assessed the efficacy and safety of carboplatin/paclitaxel, with bevacizumab 

in non-SCC histology, with or without cetuximab in the first-line treatment of patients with 

advanced NSCLC. While the addition of cetuximab did not result in a statistically significant 

difference in OS in the entire study population, or in PFS in the EGFR FISH+ patients 

(primary endpoints), analyses presented here indicate a significant benefit with cetuximab 

treatment in SCC patients who had a positive combination index of EGFR IHC+ plus 

EGFR FISH+ cancers (23% of SCC population), while no impact was seen in patients 

with non-SCC NSCLC. In our first report of the S0819 study, there was a suggestion that 

patients with FISH+ SCC showed benefit from the addition of cetuximab to chemotherapy 
(1,). The difference in the predictive role of EGFR IHC and FISH in patients with SCC 

versus Non-SCC histologies is likely to reflect differences in EGFR biology between the 

NSCLC subtypes (15–16).

In contrast to colorectal cancer (CRC), we did not observe a predictive role for KRAS 

mutation status in this NSCLC population. In CRC, the presence of a KRAS mutation 

is a strong predictor for the lack of efficacy of EGFR-targeted monoclonal Abs (12). One 

opportunity in this large, randomized study was to determine whether a similar effect could 

be observed in NSCLC since previous investigations of EGFR monoclonal antibodies lacked 

Hirsch et al. Page 6

Clin Lung Cancer. Author manuscript; available in PMC 2023 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



the power to make this distinction (5,8). In the current analysis, the apparent benefit from 

the addition of cetuximab to chemotherapy was limited to the biomarker-marker defined 

subgroup of the SCC sub-population. However, KRAS mutations are rare in SCC precluding 

a realistic evaluation of KRAS status in this histology. In non-SCC, KRAS mutations were 

observed in 33% of patients. However, in this largely ADC subpopulation, KRAS wild-type 

status did not predict benefit from the addition of cetuximab, in contrast to the CRC (12) .

Biomarker analysis in advanced stage NSCLC requires consideration of factors related to 

the heterogeneity of this tumor type, limited tissue availability in many cases and now 

eight different actionable oncogenes for upfront testing (17–18). Furthermore, variability in 

technology and assessment methods adds to the complexity. While these considerations 

today therapeutically are most applicable to lung ADC, it is becoming increasingly 

recognized that SCC is non-homogeneous as well. High expression levels of WT EGFR, 

in particular, are most common in lung SCC. Because anti-EGFR mAbs activity is 

mechanistically linked to direct interaction with EGFR, and high levels of EGFR protein 

expression correlate with sensitivity to anti-EGFR mAbs in vitro(9), there is a strong 

rationale to consider the level of tumor protein expression of EGFR, a significant potential 

predictive biomarker in this setting. EGFR pathway analysis of NSCLC cell lines and patient 

tumor tissues has described the predictive value of several potential biomarkers for EGFR-

inhibitor activity, including EGFR protein expression by immunohistochemistry (IHC) and 

EGFR gene copy number by FISH or chromogenic in situ hybridization (CISH)(19). While 

a retrospective analysis(20) of phase II S0342 study(3), in which 76 patients with NSCLC 

were treated with CT (carboplatin + paclitaxel) plus cetuximab administered concurrently 

or sequentially, suggested that increased EGFR gene copy number might be associated with 

improved clinical outcome.

In regard to EGFR protein expression, a retrospective analysis(21) of data from the phase 

III FLEX study(14) suggested that high EGFR expression, as determined by IHC using the 

same assay and threshold as in the current study, was associated with survival benefit from 

the addition of cetuximab to first-line platinum chemotherapy in patients with advanced 

NSCLC. In particular, for patients in the high EGFR expression group, OS was longer in 

the chemotherapy plus cetuximab arm than in the chemotherapy-only arm (HR: 0.73 [95% 

CI 0.58–0.93]; p = 0.011, median 12.0 vs 9.6 months). No corresponding survival benefit 

was observed for patients in the low EGFR expression group (HR: 0.99 [95% CI 0.84–

1.16]; p = 0.88, median 9.8 vs 10.3 months). In the retrospective analysis(21) of the FLEX 

trial’s results, authors investigated the predictive and prognostic use of four tumor-associated 

molecular characteristics (KRAS mutation, increased EGFR copy number, EGFR mutation, 

and PTEN expression status) linked to the EGFR signaling pathway. EGFR copy number 

assessed by FISH (positive vs negative) was not predictive for the efficacy of CT plus 

cetuximab in relation to OS [HR = 0.85 (0.56–1.29), p = 0.44], PFS [HR = 0.80 (0.51–1.25), 

p = 0.33], or RR [HR = 1.62 (0.70–3.76), p = 0.26]. However, the assessment method for 

EGFR FISH was not done by the same laboratory as in the current study, and there might 

be technical- or interpretative differences in the EGFR FISH assessment between the FLEX 

study and the current study. Of interest, EGFR mutation status (positive vs negative) was not 

predictive for the efficacy of CT plus cetuximab in relation to OS [HR = 1.48 (0.77–2.85), p 
= 0.24], PFS [HR = 0.92 (0.53–1.60), p = 0.76] and RR [HR = 1.36 (0.50–3.70), p = 0.55].

Hirsch et al. Page 7

Clin Lung Cancer. Author manuscript; available in PMC 2023 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Correlation of EGFR-expression with outcomes in the SQUIRE trial(22) showed similar 

results as in the current study in patients with SCC treated with another EGFR monoclonal 

antibody (necitumumab). In the SQUIRE trial, the large majority of patients (95%) had 

tumor samples expressing EGFR protein, as determined by IHC (EGFR > 0, when at 

least one positive cell was identified); OS for the overall population in this study was 

significantly longer in the necitumumab plus gemcitabine-cisplatin group than in the 

gemcitabine-cisplatin group (HR = 0.79 [95% CI 0.69–0.92]; p = 0.002, median 11.7 vs 

10.0 months), which led to US FDA approval of the drug. In the same study, while patients 

with high EGFR expression (H-Score ≥ 200) had a more favorable HR for OS (HR = 0.75; 

[0.60–0.94]) compared to the patients with low expression of EGFR protein (HR = 0.90; 

0.75–1.07), no conclusion could be drawn regarding the predictive value of EGFR protein 

expression(23). Additionally in the SQUIRE study, EGFR amplification was associated with 

imnproved OS and EGFR high polysomy was associated with increased PFS and “EGFR 

FISH-positivity” (e.g. high polysomy plus amplification) had a non-significant trend towards 

improved outcome (HR=0.70) (24). In a meta-analysis based on results from several studies 

of EGFR antibody therapies, a predictive role of EGFR IHC and EGFR FISH for EGFR 

antibody therapy was observed in advanced NSCLC, including SCC histology patients(25).

In our analysis of the S0819 trial, we applied a biomarker-enriched model including 

EGFR FISH, EGFR IHC, and KRAS; to our knowledge, none of the previous secondary 

analyses of the above-mentioned trials, have evaluated FISH and IHC together to create a 

combination index. Based on the previous findings with cetuximab or necitumumab related 

to EGFR protein expression and/or EGFR gene copy gain, the chance of our results being a 

random finding seems less likely. Our data suggest that this IHC+/FISH+ combination index 

is worthy of further study and could potentially be used as a selection factor for treatment 

with EGFR antibody-based therapy in advanced SCC lung cancer. In this regard, studies 

combining EGFR monoclonal antibodies with checkpoint immunotherapy might consider 

incorporation of these markers in SCC patient population. The techniques for both FISH and 

IHC are well-established and widely used in routine clinical practice, with relatively low 

costs.

Conclusion

Despite recent advances in personalized therapy for lung cancer, lung SCC remains largely 

excluded from targeted therapy approaches, with the rare exception of those who are never-

smokers with oncogene-driven disease. Our results suggest that leveraging the recognized 

high expression of WT EGFR by a FISH/IHC combination index could provide a step 

forward toward personalizing therapy with EGFR-directed monoclonal antibody therapy. 

Further prospective validation studies of this concept are warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Clinical Pratice Points:

Clinical and preclinical investigations of EGFR monoclonal antibodies such as cetuximab 

have shown limited benefit in combination with chemotherapy in NSCLC. S0819, a 

large, randomized phase III trial of chemotherapy with or without cetuximab in NSCLC 

was designed to prospectively identify molecular subsets of patients with enhanced 

benefit from the addition of cetuximab. An analysis of EGFR gene copy number and 

protein expression demonstrated that a combination index of EGFR FISH and IHC 

positivity was associated with improved overall survival in patients with squamous cell 

carcinoma histology (n = 321). EGFR monoclonal antibodies may be of utility in the 

treatment in this NSCLC subset, with further focused investigations warranted.
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Figure 1: 
CONSORT S0819 trial profile. Eligible patients are dichotomized by treatment arm and 

further subdivided by assay conducted. Parentheses indicate the subset that is SCC within 

each group. (n: number of patients; EGFR: epidermal growth factor receptor; FISH: 

fluorescence in situ hybridization; H-Score: immunohistochemistry score; SCC: squamous 

cell carcinoma)
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Figure 2. 
Forest plot of OS hazard ratios along with their 95% confidence limits, comparing the 

Cetuximab arm to the control arm in various sub-populations

Hirsch et al. Page 13

Clin Lung Cancer. Author manuscript; available in PMC 2023 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3: Comparison of Overall Survival by Treatment Arm among Patients with Squamous 
Cell Lung Cancer
Panel A: Among IHC high, FISH+ v FISH –
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Figure 3: 
Panel B: Among IHC low/negative, FISH+ v FISH -
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Figure 3: 
Panel C: (IHC+ and FISH+) versus (IHC- or FISH-)
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Figure 4: Comparison of Overall Survival By Treatment Arm among Patients with Non-
Squamous Cell Lung Cancer
Panel A: Among IHC high, FISH+ v FISH –
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Figure 4: 
Panel B: Among IHC low/negative, FISH+ v FISH -
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Figure 4: 
Panel C: (IHC+ and FISH+) versus (IHC- or FISH-)
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Figure 5. Comparison of Overall and Progression-Free for KRAS mutant versus wild type in 
non-squamous
Panel A: Overall Survival
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Figure 5: 
Panel B: Progression-Free Survival
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Table 1

Baseline characteristics and demographics by biomarker (n: number of patients; FISH: fluorescence in situ 

hybridization; H-Score: immunohistochemistry score)

All patients
(N = 1,313)

FISH+
(N = 400)

H-score ≥ 200
(N = 295)

KRAS mutant
(N = 166) p-value

Age median (range) 63 (20–86) 63 (35–84) 63 (20–83) 62 (36–82) 0.93

Sex

  • Female 569 (43%) 160 (40%) 116 (39%) 84 (51%)

  • Male 744 (57%) 240 (60%) 179 (61%) 82 (49%) 0.04

Race

  • Caucasian 1,133 (86%) 341 (85 %) 254 (86%) 147 (89%)

  • African-American 116 (9%) 36 (9%) 29 (10%) 12 (7%)

  • Other/Unknown 64 (5%) 23 (6%) 12 (4%) 7 (4%) 0.58

Treated with Bevacizumab

  • Yes 560 (43%) 167 (42%) 84 (28%) 80 (48%)

  • No 753 (57 %) 233 (58 %) 211 (72%) 86 (52%) 0.00003

Smoking status

  • Current/former smoker 1,197 (91%) 364 (91%) 267 (91%) 161 (97%)

  • Never smoker 36 (9%) 28 (9%) 5 (3%) 0.02

Stage

  • M1a 298 (23%) 97 (24%) 85 (29%) 41 (25%)

  • M1b 1,015 (77%) 303 (76%) 210 (71%) 125 (75%) 0.37

Histology

  • Adenocarcinoma 819 (62%) 250 (63%) 133 (45%) 135 (81%)

  • Squamous cell 321 (24%) 111 (28%) 129 (44%) 16 (10%)

  • Other 172 (13%) 39 (10%) 33 (11%) 15 (9%)

  • Not reported 1 (0%) 0 (0%) 0 (0%) 0 (0%) 8 x 10−14

Performance status

  • 0 485 (37%) 145 (36%) 108 ((37%) 73 (44%)

  • 1 827 (63%) 255 (64%) 187 (63%) 93 (56%)

  • Not reported 1 (0%) 0 (0%) 0 (0%) 0 (0%) 0.19

FISH

 Has result 976 (74%) 271 (92%) 158 (95%)

 Positive 400 (41%) 142 (52%) 59 (37%)

H-score

 Has result 945 (72%) 360 (90%) 154 (93%)

 >200 295 (31%) 142 (39%) 34 (22%)

KRAS

Clin Lung Cancer. Author manuscript; available in PMC 2023 January 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Hirsch et al. Page 23

All patients
(N = 1,313)

FISH+
(N = 400)

H-score ≥ 200
(N = 295)

KRAS mutant
(N = 166) p-value

 Has result 627 (48%) 243 (61%) 200 (68%)

 Mutation positive 166 (26%) 59 (24%) 34 (17%)
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