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Abstract 

Background: REFLECT was a retrospective, non-interventional study conducted in eight 
countries, including eleven sites from Romania, on patients with advanced stage non-small cell 
carcinoma (NSCLC).  

Aim: To characterize clinical outcomes, treatments and the proportion of T790M EGFR 
mutation testing in patients with advanced non-small cell lung cancer (NSCLC) receiving first- or 
second-generation (1G/2G) epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors 
(TKIs ) as first-line (1L) treatment in the Romanian cohort of an international study.  

Methods: Comprehensive data were retrieved from the medical records of ninety patients 
with EGFR-mutated advanced NSCLC treated with 1G/2G EGFR TKIs between January 2015 
and June 2018. All analyses are descriptive. 

Results: The median age at lung cancer diagnosis in the Romanian cohort was 67.5 years, 
with 68% females. The distribution of EGFR TKIs was 50% erlotinib, 31% afatinib, and 19% 
gefitinib. First line treatment was stopped in 76 (84%) patients due to progression (79%), 
toxicities (3%), the patient’s decision (1%) or surgery (1%). The median progression- free 
survival on 1L treatment was 12.0 months (95% CI 10.3-15.6), and the median overall survival 
from the start of first line therapy was 26.4 months (95% CI 22.4-34.2). EGFR T790M mutation 
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testing was performed on 69% of patients at the time of progression on 1L therapy, with 57% of 
patients testing positive. Second-line (2L) therapy was started in 63% of patients discontinuing 
1L therapy. Third-line treatment was started in 50% of patients discontinuing 2L treatment.  

Conclusion: Survival results mirrored those of randomized trials. The suboptimal T790M 
testing rate (69%) underlines the importance of reflex testing procedures, while attrition rates on 
1L (26%) emphasize the need for an upfront selection of the most effective treatments. 

Keywords: attrition rate, EGFR TKI, T790M testing, lung cancer, real-world data 

Clinicaltrials.gov registration number: NCT04031898 
Date of registration on clinicaltrials.gov: 04-Jul-2019 

1. Introduction

Lung cancer is a significant health concern; 
in 2020, in Romania, it ranked first as incidence 
(12.3% of all new cancer cases) and cancer-
related mortality (19.8% of all cancer deaths) 
(1). The non-small cell lung carcinoma (NSCLC) 
is the primary histological type of lung cancer 
(85%), whereas most patients with NSCLC are 
usually diagnosed with the disease in advanced / 
metastatic stage (2,3). During the last decade, 
the progress in molecular testing led to the 
identification of actionable oncogenic mutations 
that transformed the treatment of NSCLC and 
significantly improved patients’ outcomes 
compared to chemotherapy (4,5). In about 12% 
of the Caucasian population with advanced / 
metastatic NSCLC the epidermal growth factor 
receptor (EGFR) mutations found on the tyrosine 
kinase domain (3,4). The EGFR tyrosine kinase 
inhibitors (TKIs) of first-generation (erlotinib, 
gefitinib) and second-generation (afatinib, 
dacomitinib) changed the treatment paradigm 
(6), and established a new standard front-line 
treatment of advanced EGFR-mutated (EGFRm) 
NSCLC (3,7,8). However, after an initial response 
to these first- or second-generation (1G/2G) 
EGFR TKIs, the tumor develops resistance that 
requires a different therapeutic strategy (6,7,9). 
In 50-60% of cases, the resistance to treatment 
with 1G/2G TKIs is mediated by the T790M 
mutation in the EGFR domain (3,10). The third-
generation EGFR TKI osimertinib targets both 
EGFR sensitizing, and EGFR T790M acquired 
mutations and demonstrated significant overall 
survival benefit as first-line (1L) treatment 
compared to erlotinib or gefitinib (11), and is 

currently the preferred option of advanced 
EGFRm NSCLC (12). 

In oncology, real-world studies play an 
essential role in informing clinicians and policy-
makers about the clinical characteristics of 
patients treated in routine clinical practice and 
the effectiveness and safety profile of approved 
medicines, complementing thus the data derived 
from randomized trials (13,14). Several real-
world evidence focused on 1G/2G TKIs use in 
EGFRm NSCLC across various geographies 
(15). A recent medical chart review entitled 
REFLECT (“Real-world treatment patterns, 
clinical outcomes, and EGFR / T790M testing 
practices in EGFR-mutated advanced non–
smalL cEll lung Cancer patients receiving First-
Line EGFR TKI Therapy”; clinicaltrials.gov ID: 
NCT04031898) described clinical outcomes, 
treatment patterns, EGFR / T790M testing 
practices and attrition rates in 896 patients 
receiving 1L 1G/2G EGFR TKIs in seven small- 
and medium-sized European countries, and 
Israel (16). This study showed that one-third of 
patients (33%) did not receive any other treatment 
after discontinuing 1L EGFR TKI. Only two-
thirds (71%) of the patients progressing on 1L 
EGFR TKIs were tested for the presence of 
T790M resistance mutation.  

The analysis of Romanian patients’ data 
included in the REFLECT study aims to provide 
a better understanding of real-life clinical 
outcomes, type of treatments, and proportion of 
T790M testing in patients receiving 1L 1G/2G 
EGFR TKI therapy for their advanced EGFRm 
NSCLC in this country.  
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2. Methods

2.1. Study design 
REFLECT was a retrospective, non-

interventional chart review study conducted 
from May to December 2019 in 49 study sites 
from Europe and Israel (16), which included 11 
(22%) sites from Romania. The results of the 
Romanian cohort are presented here. 

The study was performed in accordance 
with the ethical principles of the Declaration of 
Helsinki, Good Clinical Practice, and local 
regulations for observational studies The Ethics 
Committees approved the study protocol and 
study conducted in all participating countries. In 
Romania, the National Bioethics Committee for 
Medicines and Medical Devices approved the 
protocol (3SNI/13.05.2019) with a waiver of 
informed consent. 

2.2. Patients 
Eligible patients were adults with confirmed 

locally advanced or metastatic EGFRm NSCLC, 
initiated on a 1G/2G EGFR TKI (afatinib, 
erlotinib or gefitinib) as 1L treatment between 
January 01, 2015 and June 30, 2018. At the 
time of data collection, patients could have been 
alive or deceased. Exclusion criteria included 
enrolment in an interventional clinical trial for an 
experimental treatment for EGFRm NSCLC, 
administration of any other systemic therapy for 
advanced disease before 1L EGFR TKI and 
missing/unknown critical study information such 
as dates of initial NSCLC diagnosis, progression 
to advanced disease, the start of 1L TKI 
therapy, death or last available follow-up.  

Eligible patients were enrolled consecutively, 
in the chronological order of initiating the 1L 
treatment with a 1G/2G EGFR TKI.  

2.3. Objectives and outcomes measures 
The primary objectives were the proportion 

of patients with advanced EGFRm NSCLC 
progressing on 1L 1G/2G EGFR TKI, real-world 
progression free survival (rwPFS) time and, the 
proportion of patients receiving second-line (2L) 
treatment, and types of 2L therapies. Secondary 
objectives and measures included baseline 
patient characteristics, rates of T790M mutation 
testing in patients progressing on 1L therapy, 
treatment patterns, and attrition rates in 

subsequent lines, the proportion of patients 
receiving osimertinib (including the line), proportion 
and characteristics of patients with central nervous 
system (CNS) metastases and leptomeningeal 
disease (LMD) and overall survival (OS). 

The real-world time to disease progression 
was measured from the start of 1L treatment 
until the first documented, progression that was 
defined as radiological progression, the beginning 
of a new therapy, clinical progression evaluated 
by the treating physician, or death. Treatment 
patterns were assessed from the 1L 1G/2G 
EGFR TKI start until the last available follow-
up, or death. 

2.4. Statistical methods 
Considering this study’s the exploratory and 

descriptive nature, no formal hypothesis was 
defined in REFLECT. All analyses are descriptive. 
Results were summarized using means, medians, 
standard deviations (SD), and ranges for 
continuous variables and frequencies for 
categorical variables. The median rwPFS and OS 
with 95% confidence intervals (CI) were 
calculated with Kaplan-Meier methods.  

3. Results

3.1. Study sites characteristics 
The Romanian study sites included 6 

(55%) regional or national cancer centers, 2 
(18%) teaching university hospitals, 2 (18%) 
private hospitals, and 1 (9%) non-teaching 
hospital. Only three (27%) study sites provided 
in-house genetic testing services, with EGFR 
mutation tested reflex in almost half of participating 
centers (Table 1).  

3.2. Patient characteristics 
In total, Romanian investigators collected 

data from the medical records of 90 eligible 
patients. The median age at the time of 
diagnosis of the advanced NSCLC was 67.5 
(range 34-86) years with 68% of patients being 
females. In all but two cases, the histological 
type was adenocarcinoma, and most patients 
(87%) had initial metastatic stage at diagnosis 
(Table 2). The median follow-up time was 19.8 
(range 3.1-46.9) months.  

The EGFR mutation status was determined 
from tissue biopsy (94%), liquid biopsy (4%) or 
cytology specimen (1%). 
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Table 1. Genetic testing characteristics in participating study sites 

Characteristic N=11 n (%) 
In-house genetic testing 
Yes 3 (27) 
No, with patients being referred to: 8 (73) 
Central (regional/national) genetic laboratory 1 (9) 
Affiliated genetic laboratory 1 (9) 
Private genetic laboratory 6 (55) 
Reflex EGFR mutation testing (at the time of advanced / metastatic stage diagnosis) 5 (46) 
Reflex T790M mutation testing 4 (36) 

Abbreviations: 1L=first-line; EGFR=Epidermal Growth Factor Receptor; TKI=tyrosine kinase inhibitor 

Table 2. Clinical characteristics at the time of initial NSCLC diagnosis 

Characteristic All patients N=90 
Age, median (range), years 67.5 (34-86) 
Sex: female / male, n (%) 61 (68) / 29 (32) 
Smoking status 

 Current smoker 4 (4) 
 Former smoker 18 (20) 
 Never smoker 49 (54) 
 Unknown 19 (21) 

Histology 
 Adenocarcinoma 88 (98) 
 Mixed histology 1 (1) 
 Squamous cell carcinoma 1 (1) 

Stage 
 Early stage (IA, IB, IIA, IIB) 6 (7) 
 Limited regional (IIIA) 2 (2) 
 Locally advanced (IIIB) 3 (3) 
 Metastatic (IV) 78 (87) 
 Unknown 1 (1) 

ECOG performance status 
 0 13 (14) 
 1 51 (57) 
 2 15 (17) 
 3 2 (2) 
 Unknown 9 (10) 

Site of distant metastases* 
 Adrenal 10 (11) 
 Bone 26 (29) 
 Brain 17 (19) 
 Liver 17 (19) 
 Lung 51 (57) 
 Lymph nodes 20 (22) 
 Pleura 33 (37) 
 Other** 4 (4) 

EGFR mutations 
 Exon 19 deletion 44 (49) 
 L858R 31 (34) 
 Uncommon EGFR mutations 15 (17) 

*Pooled data. Some patients presented multiple metastatic sites at the time of initial diagnosis of NSCLC.
**Other sites of distant metastases included: spleen (2 patients), pericardium (1 patient) and peritoneum (1 patient).
Abbreviations: ECOG=Eastern Cooperative Oncology Group, EGFR=Epidermal Growth Factor Receptor, NSCLC=non-
small cell lung cancer
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3.3. 1L EGFR TKI therapy characteristics 
The distribution of 1L 1G/2G EGFR TKI 

therapies was erlotinib 50%, afatinib 31% and 
gefitinib 19%. Most 1L treatments were 
administered in monotherapy (92%). At the 
time of data extraction, 76 (84%) patients 
discontinued the 1L EGFR TKI therapy due to 
per-protocol progression events (n=71 (79%)), 
toxicities (n=3 (3%)), patient’s decision (n=1 
(1%)) and surgery (n=1 (1%)) (Figure. 1). All 
five (6%) patients discontinuing 1L EGFR TKI 
without documented progression did not start 
any other treatment line. First-line treatment 
was continued by 14 (16%) patients.  

Relative to the entire cohort, the 1L 
progression events included radiological pro-
gression in 51 (57%) patients, clinical progres-
sion in 11 (12%) patients, death in eight (9%) 
cases and start of a new line of treatment with-
out documented progression for one (1%) patient. 

Median rwPFS was 12.0 (95% CI 10.3-
15.6) months (Figure. 2A), with estimated 12-, 
24-, and 36-month event-free probabilities of 
50%, 21%, and 7%, respectively. Median OS 
was 26.4 (95% CI 22.4-34.2) months (Figure. 
2B), with estimated 12-, 24, and 36-month 
probabilities of survival of 80%, 58%, and 35%, 
respectively.  

Figure 1. Reasons to discontinue 1L EGFR TKI, 2L and 3L in the Romanian cohort 

*The count excludes deceased patients in each line. Due to rounding, percentages may not always be 100%.
Note: The patient discontinuing 1L from unknown reasons started a new therapy line without documented progression, 
which is considered a per-protocol event.

3.4. Second line treatment patterns and 
attrition rates  
Of the 76 patients who discontinued 1L 

EGFR TKI therapy (Figure 1), 48 (63%) started 
second-line (2L) treatment and 28 (37%) did not 
receive any further treatment. Excluding patients 
deceased on 1L treatment (n=8, 11%), a total of 
20 (26%) patients discontinuing 1L did not receive 
any subsequent treatment. The 2L treatment 
included osimertinib (52%), chemotherapy (46%), 
and targeted therapy afatinib (2%). At the time of 
data collection, 8 (17%) patients continued 2L.  

3.5. T790M testing and osimertinib 
treatment 
Of the 71 patients progressing on 1L EGFR 

TKI, the T790M mutation testing was reported 
for 49 (69%) patients, yielding positive results 
in 28 (57%) cases (31% from the enrolled 
population). The T790M testing was performed 
via liquid biopsy (67%), tissue biopsy (25%) or 
cytology (6%) (unknown 2%), after a mean 
(SD) time of 13.8 (8.5) months since the start of 
1L TKI therapy.  
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(A) 

Note: Survival probability at 36 months (95% CI) was 7% (2-16%). 

(B) 

Figure 2. Survival outcomes on 1L 1G/2G EGFR TKI therapy: 
(A) real-world progression free survival (rwPFS) and (B) overall survival (OS)
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Of the 49 patients progressing on 1L EGFR 
TKI and tested for T790M mutation, 43 (88%) 
received 2L treatment with osimertinib (n=25 
(58%)) or chemotherapy (n=18, 42%). All but 
one patient tested positive for T790M mutation 
received osimertinib post-progression (n=27 
(96%)): most (n=25, 89%) as 2L treatment, 1 
(4%) as 3L and 1 (4%) as 4L treatment. Of the 
22 patients progressing on 1L EGFR TKI and 
not tested for T790M mutation, only 5 (23%) 
received 2L treatment with chemotherapy (n=4 
(80%)) or targeted therapy (afatinib, n=1, 20%). 

3.6. Third and subsequent lines treatment 
patterns 
Of the 40 patients discontinuing 2L treatment 

(Figure. 1), half (n=20, 50%) started 3L. 
Excluding patients deceased on 2L treatment 
(n=8, 20%), a total of 12 (30%) patients discontinuing 
2L did not receive subsequent treatments. The 
3L treatments included chemotherapy (75%), 
immune therapy nivolumab (20%) and osimertinib 
(5%). At the time of data collection, 8 (40%) 
patients continued 3L.  

Only 3 patients received 4L treatment: 2 
chemotherapy and 1 osimertinib. Two patients 
died on 4L, and 1 patient started 5L with erlotinib, 
with radiological progression reported on 5L 
and no further treatment line.  

3.7. CNS metastases and LMD 
In total, CNS metastases were reported for 

30 (33%) patients: for 19 (21%) patients the 
metastases were present at the start of the 1L 
EGFR TKI therapy. Eleven (12%) cases 
occurred during treatment after a median of 9.2 
(range 3.6-23.7) months. The median age of all 
patients with CNS metastases was 67.5 (42-86) 
years, and 63% were females. The diagnosis of 
CNS metastases was made using computed 
tomography or magnetic resonance imaging 
scans in most cases (97%) and tissue biopsy in 
1 case. Treatments recorded in 88% of patients 
with CNS metastases included whole brain 
radiation therapy (63%), stereotactic radiosurgery 
(13%), targeted therapy (13%), chemotherapy 
(7%) and surgical resection (3%); in 10% of 
cases no treatment and for 2% other (unspecified) 
were recorded. The median OS from the first 
brain lesion diagnosis was 25.6 (95% CI: 15.3-
32.7) months in patients with CNS metastases 

at the start of 1L EGFR TKI treatment, and 5.4 
(95% CI: 0.6-18.8) months in patients with CNS 
metastases developed during treatment. 

LMD was reported for one patient after the 
start of the 1L EGFR TKI treatment. The LMD 
diagnosis was based on imaging scans, after a 
median of 20.1 months from the start of 1L 
EGFR TKI.  

4. Discussion

To our knowledge, this is the first detailed 
analysis performed in Romania related to 
clinical outcomes, type of treatments, and 
T790M testing rates in patients with advanced 
EGFR mNSCLC receiving a 1G/2G EGFR TKI 
as 1L treatment during 2015-2018. The median 
rwPFS in our cohort was 12.0 (95% CI 10.3-
15.6) months and median OS 26.4 (95% CI 
22.4-34.2) months, similar to the rwPFS of 13.0 
(95% CI 12.3-14.1) months and median OS of 
26.2 (95% CI 23.6-28.4) months reported at the 
entire study level (16). Our findings are 
comparable to those reported in the registration 
trials of the 1G/2G EGFR TKIs (17,18). We found 
these results encouraging for a country from 
Central and South-Eastern Europe, regions with 
high mortality-to-incidence ratio (19) and still 
suboptimal access to innovative treatments (20). 

In our cohort the 1L EGFR TKI distribution 
was erlotinib 50%, afatinib 31% and gefitinib 
19%, whereas in the REFLECT primary study it 
was afatinib 45%, erlotinib 27% and gefitinib 27% 
(16), This result is in line with the reimbursement 
policy during 2015-2018, with erlotinib being the 
only EGFR TKI reimbursed until 2017, whereas 
the other two molecules were reimbursed 
afterwards (gefitinib the latest). 

In the Romanian cohort, two-thirds (69%) 
of patients progressing on 1L EGFR TKI 
therapy underwent testing for the T790M 
resistance mutation, relatively similar to the rate 
of 71% reported in the primary REFLECT study 
(16). These figures are somehow lower 
compared with the testing rates of T790M of 70 – 
90% communicated in other real-world European 
studies with a relatively similar design (21-25). 
The literature reports that T790M mutation is 
found at progression on 1G/2G EGFR TKIs in 
50-60% of cases (3,10). Evaluating the results 
of our cohort, one may conclude that a higher 
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number of patients would have had a positive 
result if all patients would have been tested 
(estimated 36-43 patients vs actual 28), and 
consequently, a chance for receiving osimertinib 
in 2L. The REFLECT study did not collect the 
reasons for not performing the T790M testing, 
but a German study (23) reported fast deterioration 
of clinical status, severe comorbid conditions, 
and patient’s decision as main causes for lack 
of T790M testing in progressive patients, which 
seem more related to the challenging tumor 
biopsy at progression. Guidelines recommend 
T790M testing upon the progression on EGFR 
TKI (3,8,12,26), and liquid biopsy is considered 
an acceptable method (12).  

The suboptimal rate of T790M testing is 
one possible cause of the attrition rate 
observed in our cohort, where 31% of patients 
did not receive 2L treatment (among these, 9% 
deceased on 1L). A recent review showed that 
the attrition rate between 1L EGFR TKIs and 2L 
in EGFRm NSCLC is 36% in clinical trials, 
whereas in real-world studies it varies from 
10% to 62% (27). Although in some cases an 
additional line of treatment may not translate in 
a clinical benefit, it is important to explore and 
address the local reasons of the attrition rates, 
and support the use the most efficacious 
therapy in 1L. Based on improved overall and 
CNS-specific efficacy and favourable toxicity 
profile demonstrated in the randomized clinical 
study FLAURA (11), osimertinib is now the 
preferred option for the 1L treatment of 
advanced EGFRm NSCLC (3,12,26). The first 
real-world studies also showed improved 
results with osimertinib in 1L. For example, in a 
retrospective analysis (28) including 172 
patients with EGFRm NSCLC, the 12- and 18-
month PFS was greater for osimertinib versus 
1G/2G EGFR TKIs (80% and 70% vs. 64% and 
39%, respectively, p<0.0036). The first 
prospective study exploring 1L osimertinib in 
126 patients with advanced EGFRm NSCLC in 
real-life setting (29) showed median PFS of 
18.9 months, median time to discontinuation 
25.3 months and median OS not reached. 
While the long-term results of these real-world 
1L osimertinib studies are awaited, the preliminary 
findings show better outcomes versus our cohort, 
where the 12- and 18-month PFS rates on 1L 
1G/2G EGFR TKI were 50% and 21%, 

respectively, with a PFS of 12.0 months. t the 
time of this writing, reflex testing of EGFR 
mutations at diagnosis in Romania has significantly 
improved and is now aligned to updated guidelines, 
(3,12) and osimertinib is now reimbursed as 1L 
treatment.  

The observational, retrospective nature of 
the REFLECT study, with a reduced number of 
inclusion and exclusion criteria is both a 
strength and a weakness: it provides an 
accurate snapshot of treatment and testing 
patterns at a specific timepoint, but it impedes 
the interpretation of results due to missing data 
and multiple confounding factors. In our 
analysis, a disadvantage was also the small 
sample size (n=90). A particular factor limiting 
the enrolment in Romania was the high number 
of patients with EGFRm NSCLC treated upfront 
with chemotherapy between 2015 and 2017, 
due to a delay of 1-3 months in the access to 
EGFR TKIs following the time lag in the Health 
Insurance Commission authorization. Nowadays, 
this drawback is solved, and the treatment 
authorization has become a rapid process, with 
access to targeted molecules provided as soon 
as the presence of the EGFR mutation is 
documented. However, the EGFR / T790M 
molecular testing is still not reimbursed.  

5. Conclusions

This analysis is the first in Romania to 
provide detailed insights about clinical outcomes, 
type of treatments and T790M testing rate in 
EGFRm NSCLC patients treated in 1L with a 
1G/2G EGFR TKI, before the standard of care 
in front-line setting changed to osimertinib. 
Survival outcomes in our cohort mirrored the 
data from randomized trials and other real-
world studies. However, the T790M testing rate 
was suboptimal, with only 2 in 3 patients 
progressing on 1L EGFR TKI being tested for 
the resistance mutation. In addition, after 1L 
treatment, 1 in 3 patients did not receive any 
subsequent line. These findings emphasize the 
need for reflex testing at progression on 1L to 
ensure improved treatment strategies. In light 
of the current treatment landscape, our results 
stress the importance of upfront reflex testing to 
allow optimal outcomes through the selection of 
the most effective 1L treatments.  
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Abbreviations: 
1G/2G – first- and second-generation  
1L – first-line  
2L – second-line  
3L – third-line 
CI – confidence interval 
CNS – central nervous system 
ECOG – Eastern Cooperative Oncology Group 
EGFR – epidermal growth factor receptor 
EGFR-m – EGFR-mutated 
LMD – leptomeningeal disease 
NSCLC – non-small cell lung cancer 
OS – overall survival 
rwPFS – real-world progression free survival 
PFS – progression free survival 
TKI(s) – tyrosine kinase inhibitor(s) 
SD – standard deviation. 
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