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Introduction

Lung cancer is one of the most frequently diagnosed cancers 
and remains the leading cause of cancer-related mortality 
worldwide [1]. Among the various lung cancer types, non-
small-cell lung cancer (NSCLC) is the most prevalent histological 
subtype, accounting for approximately 85% of all lung cancer 
cases [2].
One of the notable advancements in the management of 
NSCLC associated with activating epidermal growth factor 

receptor (EGFR) mutations has been the development of 
targeted therapies known as tyrosine kinase inhibitors (TKIs). 
These agents are designed to specifically inhibit the function 
of EGFR, a type of receptor tyrosine kinase that regulates 
pathways responsible for cell growth and survival. EGFR gene 
mutations, particularly exon 19 deletions and the L858R point 
mutation in exon 21, are detectable in around 10-20% of 
individuals diagnosed with NSCLC [3-5].
The treatment of EGFR-mutant lung cancer poses a significant 
challenge because of the emergence of TKI resistance. These 
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targeted therapies initially demonstrate promising responses 
and improved progression-free survival in patients with 
EGFR-mutant NSCLC. However, acquired resistance gradually 
diminishes their long-term efficacy [4-6].
One of the major mechanisms responsible for acquired 
resistance to EGFR-TKIs is the secondary T790M mutation 
in exon 20 of the EGFR gene [7]. This alteration is located in 
the highly conserved ATP-binding pocket of the EGFR kinase 
domain, leading to steric hindrance and reduced binding 
affinity of first- and second-generation TKIs. To address 
sensitizing EGFR mutations as well as the T790M resistance 
mutation, third-generation EGFR-TKIs such as osimertinib have 
been developed. Osimertinib, in particular, has demonstrated 
substantial clinical effectiveness in individuals with T790M-
mutant NSCLC. It has exhibited superior response rates and 
extended periods of progression-free survival compared to 
first- and second-generation TKIs [6].
Various methods have been used to identify the T790M 
mutation, including tissue-based biopsies, liquid biopsies, 
and the analysis of cell-free DNA. Ideally, the detection of 
this mutation should be performed on tumor tissue obtained 
through re-biopsy. However, patients experiencing disease 
progression may develop lesions in locations that are difficult 
to access. Furthermore, the poor performance status of 
patients can also present challenges in re-biopsy procedures 
[8].
In cases in which accessing tumor tissue via re-biopsy is not 
feasible, an alternative approach involves liquid biopsy. This 
innovative technique allows the analysis of cell-free tumor 
DNA (cfDNA) present in the plasma and other body fluids 
of patients. By genotyping cfDNA, liquid biopsy offers a 
noninvasive means to gain valuable insights into the molecular 
profile of the tumor, enabling clinicians to detect genetic 
mutations and guide treatment decisions effectively [8-10].
Droplet digital PCR (ddPCR) represents a significant advancement 
in molecular diagnostics, offering unprecedented precision 
and sensitivity for quantifying nucleic acids. By partitioning a 
sample into thousands of discrete reactions within water-in-
oil droplets, ddPCR provides a digital, absolute quantification 
approach that overcomes the limitations of traditional real-
time PCR. ddPCR has garnered noteworthy attention for its 
potential to revolutionize the precise detection of the T790M 
mutation. By offering unparalleled sensitivity, quantification 
precision, and the ability to discern rare mutational events, 
ddPCR is a promising tool in the realm of liquid biopsy-based 
diagnostics for patients with NSCLC [11,12].
In this article, we present our experience with T790M mutation 
analysis in patients with NSCLC using the ddPCR method with 
liquid biopsy.

Methods

Study Group

In this retrospective study, data obtained from liquid biopsy 
samples from 183 patients diagnosed with NSCLC who were 

referred from various centers with suspicion of progression 
while under first- or second-generation EGFR-TKI treatment 
were analyzed. The patients in this study cohort were 
examined in our clinic center during the period from October 
2022 to September 2024.
The research received ethical approval from the Etlik City Hospital 
Ethics Committee (document number: AEŞH-BADEK-2024-843, 
date: 25.09.2024). All patients met the genetic testing standards 
established by the National Comprehensive Cancer Network.

cfDNA Isolation and T790M Mutation Analysis

To extract cfDNA from plasma, approximately 10 mL of blood 
samples were collected in cell-free DNA BCT® (Streck) tubes. 
The cfDNA obtained from these samples was evaluated for 
the presence of the EGFR T790M mutation using the Bio-Rad 
QX100 ddPCR system. Two replicates were performed for each 
sample. PCR was conducted using the appropriate protocol 
on the Bio-Rad T100® instrument. Subsequent to PCR, reading 
and analysis were performed using the QX100 Droplet Reader® 
device.

Statistical Analysis

Mutant cfDNA molecules are reported as the number of copies 
per milliliter (mL) of plasma. The mutant allelic frequency 
was determined as the ratio of mutant to wild-type droplets. 
Descriptive statistics were used to summarize the demographic 
and genetic characteristics of the patients. Mean age, 
standard deviation, and median values were calculated for the 
overall group as well as for subgroups (e.g., patients with and 
without the T790M mutation, male and female patients). The 
distribution of T790M and other EGFR mutations is presented 
as percentages.

Results

Patients diagnosed with NSCLC and who had acquired resistance 
to EGFR-TKIs who were referred to us between October 2022 
and September 2024 were included in our study. The mean age 
of the patients was 64.7 years. The T790M positivity rate was 
29 out of 183 (15.85%). The patients exhibited variable levels 
of T790M positivity, including low-positive cases, which were 
detected in some patients (Figure 1). It has been observed that 
the average age of female patients is slightly higher compared 
with that of males, with the average age of males with the 
detected mutation being 62.77, whereas it is 66.63 in females 
(Figure 2). Of the patients, 92 out of 183 (50.2%) were male, 
and 91 out of 183 (49.8%) were female. The T790M mutation 
was detected in 14/92 male patients (15.2%) and 15/91 female 
patients (16.48%) (Figure 3). In the T790M-positive group, the 
average age of female patients was slightly higher than that 
of males, with the average age of males with the detected 
mutation being 60.42 years, whereas that of females is 65.6 
(Figure 4).
Other EGFR mutations were detected in 85 of 183 patients 
(46.45%), with 37 out of 85 (43.5%) being male and 48 of 85 
(56.5%) being female. The mean age of the patients was 65.06 
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Figure 1. A) Data image of low positive sample (<5%). B) Data image of significant positive sample (>5%)

Figure 2. Patients’ characteristics in terms of age. The age distribution of the entire patient group, arranged from youngest to oldest
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years. In total, 17 out of 85 patients (18.75%) - 9 males and 8 
females - had concomitant T790M mutations as well (Table 1).

Discussion

The use of EGFR-TKIs significantly affects progression-free 
survival in individuals diagnosed with EGFR-mutated NSCLC. 
Personalized targeted therapies are gaining popularity in 
cancer treatment, offering increased clinical efficacy and 
reduced toxicity. This approach is becoming increasingly 
important, emphasizing the need to tailor treatments to 
individual patients to achieve better results. Therefore, a 
precise exploration of the molecular foundations of cancers is 
becoming increasingly important.

The T790M mutation can develop during or after EGFR-
TKI therapy, leading to disease progression. This mutation 
results in resistance to first- and second-generation EGFR-
TKIs. Therefore, the detection of the T790M mutation plays 
a critical role in the development of treatment strategies. A 
third-generation EGFR-TKI is an effective treatment option for 
patients with the T790M mutation. Third-generation EGFR-
TKIs prolong progression-free survival and improve overall 
survival rates in patients with the T790M mutation.
The ddPCR method is a more sensitive technique than various 
analysis methods such as Sanger sequencing, pyrosequencing, 
next-generation sequencing (NGS), quantitative PCR, and 
amplification-refractory mutation system PCR (ARMS-

Figure 4. Patients’ characteristics in terms of age. Age distrubiton of the T790M positive patients, arranged from youngest to oldest

Figure 3. A) Distribution of total patients in terms of gender. B) Distribution of T790M positive group in terms of gender
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Table 1. Results of the overall patients

Patient
Age 
(year)

Gender
EGFR 
T790M*

Other EGFR 
variants

1 67 Female N -

2 73 Male N L858R 

3 50 Female N del exon 19

4 59 Female + del exon 19

5 48 Female N -

6 64 Male N -

7 75 Male N del exon 19

8 48 Female N -

9 45 Female N del exon 19

10 80 Male N del exon 19

11 66 Male N del exon 19

12 58 Female N L858R

13 56 Male N del exon 19

14 54 Female N del exon 19

15 63 Male N -

16 62 Male N -

17 63 Male N del exon 19

18 57 Male N -

19 75 Male N -

20 58 Female N L858R

21 58 Female N -

22 63 Male N -

23 66 Female + -

24 74 Female N del exon 19

25 77 Male N -

26 60 Female N -

27 60 Female + -

28 73 Male + del exon 21, L858R

29 57 Male N -

30 71 Female N del exon 21, L858R

31 68 Male N del exon 19

32 70 Female N del exon 21, L858R

33 64 Male N -

34 56 Male N -

35 67 Male N -

36 62 Male N -

37 79 Female N -

38 53 Male N del exon 21, L858R

39 63 Male N -

40 67 Female N del exon 19

41 61 Male N -

42 64 Female N ins exon 20 

43 73 Male N del exon 21, L858R

Table 1. Continued

Patient
Age 
(year)

Gender
EGFR 
T790M*

Other EGFR 
variants

44 71 Female N -

45 42 Male N del exon 19

46 79 Male N -

47 45 Male N del exon 19

48 75 Male N -

49 78 Female N G719X 

50 64 Male N -

51 61 Male N del exon 21, L858R

52 80 Female N del exon 21, L861Q

53 51 Female N -

54 68 Female + del exon 19

55 63 Male N del exon 19

56 87 Female N -

57 55 Male N -

58 69 Female N del exon 19

59 65 Female N G719X 

60 65 Female N -

61 56 Female + del exon 19

62 40 Female N del exon 19

63 65 Female N -

64 66 Female + del exon 19

65 60 Male N -

66 80 Female + -

67 64 Male N -

68 58 Female N -

69 63 Male N del exon 19

70 73 Male + del exon 21, L858R

71 62 Male + del exon 19

72 72 Female + -

73 63 Male N -

74 82 Male N -

75 73 Female N -

76 68 Female N -

77 47 Male N -

78 56 Male N -

79 60 Female N -

80 72 Female N -

81 63 Male N del exon 19

82 71 Female N -

83 77 Male N del exon 19

84 53 Male + del exon 18

85 62 Male N -

86 85 Female N -
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Table 1. Continued

Patient
Age 
(year)

Gender
EGFR 
T790M*

Other EGFR 
variants

87 58 Female N -

88 48 Male N -

89 58 Male + -

90 78 Female N G719X 

91 50 Male + del exon 19

92 74 Female N del exon 19

93 64 Male N -

94 70 Female N -

95 58 Female + -

96 56 Male N -

97 72 Male N -

98 71 Female N del exon 19

99 74 Female N -

100 63 Male N del exon 19

101 83 Female N del exon 21

102 67 Female N del exon 19

103 74 Female N -

104 61 Male N -

105 53 Female N inframe exon 19 

106 59 Female N -

107 67 Male N -

108 70 Male N del exon 19

109 54 Male + -

110 67 Female N -

111 55 Male N -

112 63 Female N ins exon 20 

113 73 Male + L858R 

114 41 Male N del exon 19

115 79 Male N N

116 71 Female N del exon 19

117 45 Male N Q746_A750del 

118 75 Male N Q746_A750del 

119 78 Female N G719X 

120 63 Male N NA

121 61 Male N L858R

122 79 Female N L861Q

123 51 Female N
L747_Q749del, 
L747_A750delinsP, 
T790M 

124 63 Male N del exon 19

125 86 Female N NA

126 55 Male N NA

127 69 Female N del exon 19

128 65 Female N G719X 

Table 1. Continued

Patient
Age 
(year)

Gender
EGFR 
T790M*

Other EGFR 
variants

129 64 Female N E746_A750del, 
T790M 

130 56 Female + NA

131 40 Female N del exon 19

132 65 Female N NA

133 66 Female + del exon 19

134 60 Male N NA

135 80 Female + del exon 19, 
p.L747_P753delinsS 

136 63 Male N NA

137 58 Female N NA

138 63 Male N del exon 19

139 73 Male + L858R

140 62 Male + del exon 19

141 72 Female + del exon 19

142 63 Male N NA

143 82 Male N NA

144 73 Female N NA

145 68 Female N L861Q 

146 47 Male N NA

147 56 Male N NA

148 60 Female N NA

149 72 Female N NA

150 63 Male N del exon 19

151 71 Female N V786M

152 77 Male N del exon 19

153 53 Male + del exon 18

154 62 Male N NA

155 85 Female N L858R

156 58 Female N NA

157 48 Male N NA

158 58 Male + NA

159 78 Female N G719X 

160 50 Male + N

161 74 Female N NA

162 64 Male N NA

163 71 Female N NA

164 58 Female + del exon 19

165 57 Male N N

166 72 Male N N

167 72 Female N Q746_S752delinsV

168 74 Female N N

169 64 Male N N

170 83 Female N NA
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PCR) [13-15]. Additionally, ddPCR can be performed using 
minimal biopsy material or liquid biopsy, making it possible 
to analyze the T790M mutation in samples such as blood 
plasma without requiring invasive procedures. The gene can 
precisely differentiate between mutant and wild-type DNA 
molecules, providing reliable analysis even in heterogeneous 
tumors. The method is superior in terms of both accuracy and 
reproducibility of results and is a critical feature for long-term 
monitoring of treatment response.
Compared with qPCR, ddPCR has a lower error margin and can 
detect lower allele frequencies. It also achieves higher success 
rates in challenging samples that may be at the detection 
limits of qPCR. In addition, ddPCR is ideal for analyzing cell-
free DNA in plasma or other fluids, which is a crucial advantage 
in cases in which tissue biopsy is not possible or is associated 
with high risk. Additionally, ddPCR can be used to monitor the 
dynamics of the T790M mutation during and after treatment. 
For instance, it is an effective tool for tracking the response 
to third-generation EGFR-TKI therapy and the development of 
resistance.
The ability to assess liquid biopsies using this highly sensitive 
method is particularly important for individuals with NSCLC 
given that the characteristics and location of the tumor 
frequently limit the possibility of re-biopsy. Detection and 
determination of the treatment approach for the EGFR T790M 
variant, one of the most important mutations responsible for 
acquired treatment resistance, are of significant importance 
for these patients. Therefore, this method presents an 
effective option for addressing these challenges and making 
treatment decisions. Furthermore, its affordability, ease 
of interpretation, and relatively short turnaround time are 
also among the advantages of this method. While NGS can 
simultaneously identify various mutations, including copy 
number variations and rearrangements, which adds to its 

significance, it still carries a comparably higher cost and lower 
sensitivity and demands a more intensive workload during the 
analysis phase. Sequencing-based techniques such as Sanger 
are capable of detecting potential EGFR mutations outside of 
hotspot regions; however, their sensitivity is limited compared 
with that of ddPCR [16,17].
In this study, liquid biopsies obtained from 183 patients 
diagnosed with NSCLC who were referred to our clinic 
with suspicion of developing resistance to first- or second-
generation TKI treatment were evaluated for the development 
of the T790M mutation using the ddPCR method. The positivity 
rate we observed was 15.85%, which appears to be slightly 
lower than the reported rates ranging from 25% to 50% in 
the literature [12,18,19]. We consider that one of the reasons 
behind the slightly diminished positivity rate, in accordance 
with the literature, could stem from patients suspected of 
manifesting disease progression against first- and second-
generation TKIs not entirely meeting the Response Evaluation 
Criteria in Solid Tumors (RECIST 1.1) criteria. 
Biopsies with low tumor cell density, heterogeneous 
structures, or insufficient tissue material can complicate the 
detection of the T790M mutation. Although liquid biopsies 
may better reflect tumor heterogeneity, the sensitivity of 
ddPCR can decrease in patients with low tumor burden due to 
reduced levels of circulating tumor DNA (ctDNA). In addition, 
a sufficient number of droplets must be generated to detect 
low-frequency mutations. In post-treatment biopsies, DNA 
may be damaged or the number of mutations may decrease. 
These factors may be among the reasons for the low mutation 
detection rates observed in our patient cohort.
Referral of patients with NSCLC receiving TKI treatment 
evaluated according to RECIST 1.1 criteria to the medical 
genetics clinic and collaborative efforts between the 
departments of medical oncology and medical genetics could 
potentially be beneficial in diagnosing the development of 
resistance to these agents and consequently in diagnosing 
disease progression associated with it [20].
Personalized targeted therapies, which are gaining popularity 
each day, provide significant advantages for patients, including 
increased clinical efficiency and reduced toxicity, and can 
only be achieved through detailed molecular profiling. 
Future studies aimed at showcasing the strong potential 
of advancing molecular diagnostic tools like ddPCR hold 
promising prospects, particularly for individuals with NSCLC 
and various other cancer types. Because of its ability to detect 
mutations even at low allele frequencies, ddPCR is particularly 
effective for the early diagnosis of resistance mutations like 
T790M. The method enables the analysis of ctDNA from 
blood plasma or other fluids without the need for invasive 
biopsies. This approach is particularly applicable to patients in 
whom tissue biopsy is not feasible or poses significant risks. 
In minimal residual disease monitoring, ddPCR can detect low 
levels of remaining cancer cells after treatment, allowing for 
the prediction of recurrence risk. Through our own study, we 
aimed to contribute by sharing the experience of our center 
in this field.

Table 1. Continued

Patient
Age 
(year)

Gender
EGFR 
T790M*

Other EGFR 
variants

171 67 Female N L747_T751del

172 75 Female N del exon 19

173 62 Male N del exon 19

174 54 Female N Q746_S752delinsV

175 59 Female N NA

176 67 Male N N

177 70 Male N del exon 19

178 54 Male + NA

179 68 Female N del exon 19

180 56 Male N N

181 76 Male N NA

182 67 Female + NA

183 72 Female N Q746_S752delinsV
*EGFR (NM_005228.5), +: Positive results, N: Normal results, NA: Not 
available, EGFR: Epidermal growth factor receptor



108

Bakır and Ertürkmen Aru. T790M Mutation in Lung Cancer
Acta Haematol Oncol Turc 2024;57(3):101-108

Study Limitations

The study included not only patients who developed resistance 
to first- and second-generation TKIs but also those suspected 
of showing disease progression even if they did not fully meet 
the RECIST 1.1 criteria. The quantity and quality of ctDNA 
vary among different patients and at different disease stages. 
The sensitivity of the ddPCR method largely depends on the 
amount of DNA used, which can lead to false-negative results. 
Therefore, enrichment or pre-amplification may be required 
before ddPCR testing of low-concentration samples.

Conclusion

Despite the inclusion of patients who do not fully meet 
the criteria for first- or second-generation TKIs treatment, 
a significant rate of T790M positivity was detected. This 
highlights the importance of liquid biopsy with ddPCR in 
patients with potential tyrosine kinase resistance.
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