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Background: The non-interventional ASSESS study (NCT01785888) evaluated the utility of circulating 
free tumor-derived DNA (ctDNA) from plasma for epidermal growth factor receptor (EGFR) mutation 
testing in patients with advanced non-small-cell lung cancer (NSCLC), in a real-world setting across 56 
centers in Europe and Japan. The high mutation status concordance between 1162 matched tissue/cytology 
and plasma samples (89%, sensitivity =46%, specificity =97%) suggested that ctDNA is a feasible sample for 
EGFR mutation analysis. We report data for the French subset of patients (pre-planned analysis).
Methods: Eligible patients (stage IIIA/B/IV locally advanced/metastatic treatment-naive advanced 
NSCLC) provided diagnostic tissue/cytology and plasma samples. DNA extracted from tissue/cytology 
samples was subjected to EGFR mutation testing as per local practice; a designated laboratory performed 
ctDNA extraction/mutation testing of plasma samples. The primary outcome was EGFR mutation status 
concordance between matched tumor and plasma samples.
Results: Of the 1,311 patients enrolled in the ASSESS trial, 145 were recruited from 9 centers in France. 
Tumor samples from 130 patients were collected and 126 were evaluable for EGFR mutation analysis. 
Activating EGFR mutations were identified in 13 of the 126 patient tumor samples (EGFR mutation 
frequency 10.3%). For plasma testing, 10 of the 145 samples tested were positive for EGFR mutations (EGFR 
mutation frequency 6.9%). EGFR mutation rate was significantly higher in never- versus ever-smokers 
(stepwise logistic regression: tumor, P<0.0001; plasma, P=0.0008). Mutation status concordance between 126 
matched patient samples was 96.0% [121/126; 95% confidence intervals (CI), 91.0–98.7]. Of the 113 EGFR 
mutation-negative patient tissue samples, one tested plasma-positive; reanalysis of plasma via two different 
techniques confirmed the presence of a L858R mutation, indicating a tissue false-negative result. Based 
on these data, sensitivity of plasma testing was 64.3% (9/14; 95% CI, 35.1–87.2%) and its specificity was 
100.0% (112/112; 95% CI, 96.8–100.0%).
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Introduction

Epidermal growth factor receptor (EGFR) tyrosine kinase 
inhibitors (TKIs) are standard-of-care first-line therapy for 
patients with advanced non-small cell lung cancer (NSCLC), 
with tumors harboring activating EGFR mutations. The 
success of TKIs in these patients is supported by findings 
from several clinical trials that have demonstrated superior 
efficacy when comparing TKIs with platinum-based 
doublet-chemotherapy in large phase III studies (1-6). Based 
on their demonstrated efficacy, clinical guidelines currently 
recommend that all patients with advanced NSCLC are 
tested for EGFR mutations and EGFR mutation-positive 
patients prioritized for TKI therapy (7). While tissue/
cytology samples are the preferred choice for EGFR 
mutation testing, around 85% of patients with NSCLC 
are diagnosed at the advanced stages of disease. As a result, 
tissue/cytology samples are normally obtained via minimally 
invasive techniques, restricting the quality and quantity of 
sampling material (8). To overcome this limitation, research 
has since focused on identifying alternative sample sources 
for patients with advanced NSCLC, including from plasma 
(1,8,9), urine (10,11), and spinal fluid (12-14).

In clinical trials of patients with NSCLC, plasma-
derived circulating free tumor-derived DNA (ctDNA) 
has been shown to be a feasible sample source for EGFR 
mutation testing (1). Moreover, in patients with NSCLC, 
the presence of EGFR mutations in ctDNA has also shown 
to predict therapeutic response to TKI treatment (5,8). 
Although the use of ctDNA analysis in real-world clinical 
practice is appealing, limited data currently exist for its 
accuracy, suitability, and feasibility outside the clinical trial 
setting. 

Recently, ASSESS, a multicenter, non-interventional, 
diagnostic study (NCT01785888), investigated the 
concordance of EGFR mutation status between matched 
tissue/cytology and plasma ctDNA samples in patients with 

advanced NSCLC, in a real-world clinical setting (15).  
Although this study identified that the concordance 
of mutation status in 1,162 matched samples was 89% 
[sensitivity 46%, specificity 97%, positive predictive value 
(PPV) 78% and negative predictive value (NPV) 90%], 
different standardized test methodologies were applied 
across different countries, resulting in variability in EGFR 
mutation sensitivity values (36–100%) (15). To account 
for this variability, it is key that subset analyses in different 
countries are performed to allow for a standardized 
assessment of the concordance of EGFR mutation status. 
Here we present data from a subset analysis of all patients 
who were enrolled in the ASSESS study across 9 centers in 
France. 

Methods

Study design and participants

Full details of the ASSESS study have previously been 
published (15). For the French subset analysis, all patients 
were ≥18 years of age with either histologically/cytologically 
confirmed, treatment-naive, locally advanced NSCLC (stage 
IIIA/B according to the 7th American Joint Committee on 
Cancer staging system) that was unsuitable for curative 
treatment or chemoradiotherapy, metastatic disease (stage 
IV), or recurrent disease after previous curative treatment 
(surgical resection and/or adjuvant chemotherapy). All 
patients provided diagnostic tissue/cytology samples and 
a 10-mL blood sample for plasma extraction at study 
enrollment and provided written, informed consent. 
Study approval was obtained from the independent ethics 
committees at each institution [French sites: Comité de 
protection des personnes (Reference No 2013-A01659-
34) and Agence nationale du sécurité du medicament et des 
produits de santé (Reference No 130197B-12)], and the 
study was conducted in accordance with the Declaration of 

Conclusions: Data confirm ctDNA as an alternative sample for EGFR mutation analysis in patients with 
advanced NSCLC.
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Helsinki, the International Conference on Harmonization/
Good Clinical Practice, applicable regulatory requirements 
for non-interventional studies, and AstraZeneca’s policy on 
bioethics and human biological samples. 

Outcomes

The primary outcome of this subset analysis was the 
concordance of EGFR mutation status between matched 
tissue/cytology and plasma ctDNA samples, including the 
sensitivity, specificity, PPV, and NPV of EGFR mutation 
status. Other outcomes were EGFR mutation testing 
practices, including testing methodologies, sample types, 
and mutation frequency, and the correlation between 
mutation and demographic data/disease status.

Procedures

Prior to enrollment, EGFR mutation test data and 
results for tumor samples were collected where available. 
Throughout the study, diagnostic tissue/cytology samples 
underwent EGFR mutation testing as per local practices, 
after histopathological review [World Health Organization 
(WHO) classification (16)]. For ctDNA plasma testing, 
all patients provided a 10-mL blood sample which was 
collected in EDTA tubes. Plasma was collected from blood 
samples within 4 h, frozen at −80 ℃, transported, and 
analyzed for EGFR mutations within a single designated 
laboratory in France. DNA extraction and EGFR mutation 
testing was performed by allele refractory mutant specific 
amplification (ARMS) using the Qiagen Therascreen® 
EGFR Rotor-Gene Q (RGQ) polymerase chain reaction 
(PCR) kit, as previously described (9,17,18).

Statistical analyses

The concordance of EGFR mutation status between 
matched tissue/cytology and plasma samples was calculated 
for the evaluable population [all eligible patients with known 
tumor (tissue/cytology) and plasma sample mutation status] 
via concordance rate, sensitivity, specificity, PPV, and NPV, 
and exact two-sided 95% confidence intervals (CIs). The 
sample size of the ASSESS study was calculated as follows: 
for 100 patients with EGFR mutation-positive NSCLC, if 
the sensitivity was 50%, the 95% CI would be expected to 
be 40–60. Assuming a 10% prevalence of EGFR mutations 
in Europe, it was estimated that 1,000 patients should be 

tested to obtain 100 patients with EGFR mutation-positive 
NSCLC (16). EGFR mutation testing practices (enrolled 
population) and EGFR mutation frequency (evaluable 
tumor/plasma populations) for the French subset of patients 
were summarized using appropriate descriptive statistics. 
The correlation between EGFR mutation status and 
demographic characteristics or disease status was analyzed 
using a multivariate logistic regression model using stepwise 
forward selection (10% significance level for entry into 
the model), constructed to model EGFR tumor mutation 
status at baseline (EGFR mutation positive versus EGFR 
mutation negative from tumor sample). Key demographic 
characteristics included histology (adenocarcinoma versus 
non-adenocarcinoma), smoking status (never- versus 
ever-smoked), gender, age (≤65 vs. >65 years of age), and 
WHO performance score (0–1, 2), and key disease status 
characteristics including time since diagnosis, current 
disease status (IIIA versus IIIB versus IV), and number of 
organs with metastasis (fitted as a continuous covariate). An 
odds ratio (OR) <1 implied that the patient was more likely 
to have a negative mutation status if that particular variable 
was present.

Results

Patient demographics and clinical characteristics

Of 1,311 patients enrolled in the ASSESS study, 145 (11.1%) 
patients were recruited from 9 centers across France and 
constituted the enrolled population for all outcome analyses 
(Figure 1). Last patient study visit was 17th April 2014. 
Patient demographics and clinical characteristics for the 
enrolled French population are summarized in Table 1. The 
mean (standard deviation) patient age was 63.8 (9.6) years 
and 64.1% of patients were male. The majority of patients 
(89.7%) were Caucasian, had a WHO performance status 
of 0 (34.5%) or 1 (38.6%), were former (53.1%) or current 
(29.0%) smokers, and were diagnosed with adenocarcinoma 
(79.3%). The most common method of diagnosis was by 
histopathological examination (86.2%). 

Sampling and EGFR mutation testing methodologies

In the majority of patients, tissue/cytology samples were 
collected from primary tumors in the lung (75.9%)  
(Figure 2A) using bronchoscopy (37.9%) or image-guided 
core biopsy (18.6%) (Figure 2B). 

Of the 145 enrolled patients, 126 (86.9%) had evaluable 
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tumor samples. Reasons for non-evaluable samples included 
insufficient material provided for testing (6/19; 31.6%), 
EGFR mutation test not requested (7/19; 36.8%), or 
EGFR mutation testing not available (1/19; 5.3%). In 5 
cases, no reason was provided or data were missing (5/19; 
26.3%) (Figure 1). The most common EGFR mutation 
testing methods included pyrosequencing (30.8%), 
DNA sequencing (18.5%), and ARMS using the Qiagen 
Therascreen® EGFR RGQ PCR kit (10.0%) (Figure 3). The 
median turnaround time for the testing of tissue/cytology 
samples was 13.0 days (range, 2.0–290.0 days) and testing 
success rate was 96.9%. 

For plasma ctDNA testing, all 145 enrolled patients had 
evaluable samples and all plasma samples were analyzed 
using the ARMS Qiagen Therascreen® EGFR RGQ PCR 
kit. Testing success rate was 100%. 

EGFR mutation frequency (tissue/cytology and plasma 
evaluable populations)

The EGFR mutation frequency in evaluable tissue/cytology 
and plasma samples was 10.3% (13/126 samples) and 6.9% 
(10/145 samples), respectively (Table 2). The most common 
EGFR mutations in tissue/cytology and plasma samples 
included the exon 19 deletion and L858R mutation. EGFR 
mutation frequencies predominated in patients with tumor, 
node, metastasis stage IV M1b adenocarcinoma (Table 2). 

Correlations between EGFR mutation status and 
demographic and disease characteristics

EGFR mutation rates were significantly higher in ever- 
versus never-smokers using stepwise logistic regression for 
both tumor and plasma testing [tumor: OR =112.7 (95% 
CI, 12.9–989.4), P<0.0001; plasma: OR =44.0 (95% CI, 4.8–
405.2), P=0.0008]. No significant correlation was identified 
in plasma testing when comparing EGFR mutation rates in 
male versus females. 

EGFR mutation status concordance between matched 
tissue/cytology and plasma samples (tissue/cytology and 
plasma evaluable populations)

The concordance of mutation status was measured 
between 126 matched tissue/cytology and plasma samples. 
Overall concordance was 96.0% [PPV 100.0% (95% CI, 
66.4–100.0%) and NPV 95.7% (95% CI, 90.3–98.6%)] 
(Table 3). Of the 113 patients who were EGFR mutation-
negative in tissue, one sample tested positive in plasma. 
Reanalysis of the frozen tissue and formalin-fixed paraffin-
embedded samples using two different techniques (ARMS 
and digital PCR) confirmed the presence of a L858R 
mutation, indicating a tissue false-negative result (mutation 
not detected by pyrosequencing). Sensitivity was therefore 
adjusted to 64.3% (95% CI, 35.1–87.2%) and specificity to 

Tissue/cytology samples excluded (n=19)
•  Test not requested (n=7)
•  Insufficient material (n=6)
•  Tissue/cytology samples missing (n=4)
•  EGFR testing not available (n=1)
•  Other (n=1)

Enrolled
(n=145)

Patients with plasma 
samples
(n=145)

Matched tissue/cytology
and plasma samples

(n=126)

Patients with evaluable
tissue/cytology samples

(n=126)

Patients with evaluable
plasma samples

(n=145)

Evaluable population

Figure 1 Patient flow diagram. EGFR, epidermal growth factor receptor.
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100.0% (95% CI, 96.8–100.0%) (Table 3).

Discussion

To our knowledge, ASSESS is one of the largest studies 
of real-world EGFR mutation testing practices in Europe 
and Japan (15). This subset analysis of French patients 
demonstrated comparable concordance (96.0%) to those 

previously reported for the overall European and Japanese 
cohorts in the ASSESS study (92%). Moreover, sensitivity, 
specificity, PPV, and NPV values were higher in the French 
subset analysis than those reported for the entire and 
European cohorts in ASSESS (French ASSESS cohort: 
sensitivity 64.3%, specificity 100.0%, PPV 100.0%, NPV 
95.7%; Overall ASSESS cohort: sensitivity 46%, specificity 
97%, PPV 78%, NPV 90%). It should be noted that 

Table 1 Patient demographics and clinical characteristics (clinical stage and overall enrolled population)

Parameters Stage IIIA (n=12) Stage IIIB (n=9) Stage IV (n=124) Overall population (N=145)

Age, mean (SD), year 64.6 (8.6) 68.1 (9.7) 63.4 (9.7) 63.8 (9.6)

Male, n (%) 8 (66.7) 7 (77.8) 78 (62.9) 93 (64.1)

Race, n (%)

Caucasian 11 (91.7) 9 (100.0) 110 (88.7) 130 (89.7)

Asian 0 (0.0) 0 (0.0) 1 (0.8) 1 (0.7)

Other 1 (8.3) 0 (0.0) 13 (10.5) 14 (9.7)

WHO performance status, n (%)

0 5 (41.7) 3 (33.3) 42 (33.9) 50 (34.5)

1 4 (33.3) 2 (22.2) 50 (40.3) 56 (38.6)

2 3 (25.0) 3 (33.3) 25 (20.2) 31 (21.4)

3 0 (0.0) 1 (11.1) 5 (4.0) 6 (4.1)

4 0 (0.0) 0 (0.0) 2 (1.6) 2 (1.4)

Smoking status, n (%)

Never smokera 1 (8.3) 1 (11.1) 23 (18.5) 25 (17.2)

Light smokerb 1 (8.3) 0 (0.0) 0 (0.0) 1 (0.7)

Former smoker (≤15 years) 1 (8.3) 3 (33.3) 29 (23.4) 33 (22.8)

Former smoker (>15 years) 7 (58.3) 3 (33.3) 34 (27.4) 44 (30.3)

Current smoker 2 (16.7) 2 (22.2) 38 (30.6) 42 (29.0)

Pack-years, medianc 45 40 37 40

Method of diagnosis, n (%)

Histology 8 (66.7) 7 (77.8) 110 (88.7) 125 (86.2)

Cytology 4 (33.3) 2 (22.2) 14 (11.3) 20 (13.8)

Histological subtype, n (%)

Adenocarcinoma 5 (41.7) 5 (55.6) 105 (84.7) 115 (79.3)

Non-adenocarcinoma 4 (33.3) 4 (44.4) 18 (14.5) 26 (17.9)

Squamous cell carcinoma 3 (25.0) 2 (22.2) 6 (4.8) 11 (7.6)

Other 3 (25.0) 0 (0.0) 1 (0.8) 4 (2.8)

SD, standard deviation; WHO, World Health Organization. a, <100 cigarettes in their lifespan; b, <15 pack-years or <5 cigarettes per day; c, 
pack-years: (number of cigarettes smoked per day × number of years smoked)/20. 
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sensitivity was calculated based on the analysis of a small 
number of patients (n=14), resulting in a large 95% CI 
(35.1–87.2). In the French patients, EGFR mutations were 
only identified in patients with stage IV lung cancer and 
higher sensitivities for plasma testing were observed in M1b 
patients (100%, n=9/9) compared with the overall ASSESS 
cohort (19). This is most likely related to the higher tumor 
burden of these patients.

With the caveat of cross-trial comparisons, these results 
are comparable to the open-label IFUM study of Caucasian 
patients with EGFR mutation-positive NSCLC, in which 
a mutation status concordance of 94.3% (sensitivity 
65.7%, specificity 99.8%, PPV 98.6%, NPV 93.8%) was 
observed between 652 matched tissue/cytology and plasma  
samples (20). It must also be highlighted that this study 
used a similar testing technique to the ASSESS study: the 

Qiagen QIAamp Circulating Nucleic Acid Kit (20). Several 
reports suggest that the Qiagen ARMS-based Therascreen® 
EGFR RGQ PCR kit may not be the most sensitive method 
available (21,22); however, it has been shown to be robust 
and was widely used by diagnostic laboratories in 2013, 
including in the enrolment for the ASSESS study (15). The 
Qiagen ARMS-based Therascreen® EGFR RGQ PCR kit 
was also approved by the US Food and Drug Administration 
in 2013 as companion diagnostic to select patients suitable 
for EGFR TKI therapy (23).

Within the French subset, no false-positives or -negatives 
were reported from EGFR mutation plasma testing and 
only one false-negative was reported from tissue that was 
tested. It is possible that other false-negatives may have 
been present but, unfortunately, no further plasma samples 
were available for subsequent testing with more sensitive 

Sample site

Sample collection method

Lung
Pleura
Lymph nodes
Other (other options not applicable)
Bones
Liver
Pleural effusion
Skin/soft tissue
Adrenal
Brain
Pericardial effusion

Bronchoscopy
Image-guided core biopsy
Core biopsy (NOS)
Other (other options not applicable)
Cytology
Cytology: fine-needle aspiration
Incisional biopsy
Localizational biopsy
Needle biopsy
Lobectomy
Percutaneous core biopsy
Mediastinascopic
Transbronchial
Pneumonectomy: intra pericardial
Segmentectomy

75.9

6.9

3.4

3.4

2.8

2.1
2.1

1.40.7 0.7 0.7

(%)

(%)

37.9

18.6

7.6

5.5

4.1

4.1

4.1

3.4

2.8
2.8

2.1 1.4 0.7 0.7

4.1

A

B

Figure 2 Tissue/cytology sampling methodologies (enrolled population; N=145). NOS, not otherwise specified.
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techniques, including digital PCR. However, it is worth 
mentioning that the samples may have given a negative 
result due to the absence of tumor DNA within the sample. 
Although plasma testing demonstrated 100% specificity, 
testing was conducted in a central testing laboratory, while 
tissue/cytology testing was performed according to local 
practices. Differences in mutation testing methodologies 
between different laboratories may therefore account for 
sensitivity differences between the different sampling types. 

Across the enrollment population in the French subset 
study, approximately 10% of patients did not qualify for 
tissue/cytology EGFR mutation testing. In these patients, 
plasma EGFR mutation testing was a feasible option to 
confirm mutation status and inform suitability for EGFR 
TKI treatment. However, it should be noted that although 
this study was pre-planned, the retrospective analysis 
was performed in a relatively small number of patients. 
Furthermore, analysis of FFPE samples was performed 
between April 2013 and April 2014; however, at the current 
time in France, most of the tissue samples are tested using 
next-generation sequencing. In the future, it may be of 
interest to perform large-scale concordance studies for 
EGFR mutation testing from tumor and plasma samples 

using standardized sensitive mutation testing methods to 
ensure accuracy of results.

Taken together, these real-world data imply that ctDNA 
plasma testing may be used as an alternative, minimally 
invasive sampling method to assess EGFR mutation status 
and suitability for EGFR TKI treatment in patients with 
advanced NSCLC, particularly when tissue biopsy may not 
be recommended or available. Given that previous studies 
have demonstrated the predictive value of dynamic ctDNA 
EGFR mutational changes and response to EGFR TKI 
treatment (17,18,24,25), advantage could further be taken 
of this technology to temporally monitor ctDNA as a means 
of assessing treatment efficacy or success in patients with 
advanced NSCLC. 

Other (other options not applicable)
Pyrosequencing
DNA sequencing
Qiagen Therascreen® EGFR RGQ PCR kit
Qiagen Therascreen® EGFR PCR kit (28 mutations)
Fragment length analysis

(%)

34.6

18.5

30.8

10.0

5.4

0.8

Figure 3  EGFR  mutation test methodologies (enrolled 
population)—tissue/cytology samples (N=130). EGFR, epidermal 
growth factor receptor; PCR, polymerase chain reaction; RGQ, 
Rotor-Gene Q.

Table 2 EGFR mutation frequency and subtype for the tissue/
cytology and plasma evaluable populations

Characteristic

EGFR mutation frequency, n/N (%)a

Tissue/cytology 
samples

Plasma samples

Overall 13/126 (10.3) 10/145 (6.9)

Histological subtype

Adenocarcinoma 12/103 (11.7) 9/115 (7.8)

Non-adenocarcinoma 1/20 (5.0) 1/26 (3.8)

TNM stage

IIIA 0/8 (0.0) 0/12 (0.0)

IIIB 0/8 (0.0) 0/9 (0.0)

IV 13/110 (11.8) 10/124 (8.1)

TNM stage IV

M1a 2/21 (9.5)b 1/23 (4.3)

M1b 9/67 (13.4)b 9/78 (11.5)

EGFR mutation subtype

Exon 19 deletions 7/13 (53.8) 5/10 (50.0)

L858R 4/13 (30.8) 5c/10 (50.0)

L861Q 1/13 (7.7) 0/10 (0.0)

G719X+S768I 1/13 (7.7) 0/10 (0.0)

EGFR, epidermal growth factor receptor; TNM, tumor, node, 
metastasis. a, n/N, number of EGFR mutation positive samples/
total number of samples tested; b, data for M1 staging of two 
samples is not known; c, one L858R mutation was found in the 
plasma of a patient who was initially tested EGFR wild type in 
the tissue sample.
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