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ABSTRACT

Objective: Lung cancer, the second most common type of cancer, is the leading cause of cancer-related mortality, with non-small-cell lung
carcinoma (NSCLC) being the most prevalent subtype. The presence of EGFR mutations in NSCLC influences tumor behavior and treatment
response. The prevalence of EGFR mutation in Iranian patients is limited. This study investigated the frequency of EGFR mutation and its
association with PD-L1, ALK, and ROSI expression in patients with NSCLC from Northwest Iran.

Material and Methods: A retrospective analysis was conducted on 647 cases of NSCLC from April 2018 to August 2024 at Imam Reza Hospital
in Tabriz, Iran. Histologic diagnoses were confirmed, and patient data were collected. EGFR mutation testing targeted exons 18-21 using Sanger
sequencing and Real-Time PCR. ALK and ROSI rearrangements were assessed using fluorescence in situ hybridization (FISH), while PD-L1
expression was evaluated through immunohistochemistry (IHC). The statistical analysis was performed using SPSS version 27.0.

Results: The cohort comprised 430 males and 217 females, with a median age of 62 years (IQR: 54-70). EGFR mutations were identified in 171
(26.4%) cases, more frequently in females (33.6% vs. 22.8%; p = 0.003). The most common mutation was exon 19 deletion (56.7%), followed by
L858R (21.6%). No significant association was found between EGFR mutations and ALK (p = 0.126) or PD-L1 expressions ( p = 0.29). ROSI
mutations were not detected.

Conclusion: This study confirmed the mutual exclusivity of EGFR and ALK mutations and found no significant association with PD-L1.
Comprehensive EGFR testing remains crucial to guide targeted therapies. Broader studies are needed to include diverse populations and

additional clinical factors to improve personalized treatment.
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INTRODUCTION

Lung cancer is the second most common type of cancer
and the primary cause of cancer-related fatalities in both
men and women (1). It is estimated that lung cancer deaths
could reach nearly 3 million by 2035 (2). Generally, lung
malignancies are categorized into small-cell lung carcino-
ma (SCLC) and non-small-cell lung carcinoma (NSCLC),
with NSCLC being the most frequently diagnosed type,
accounting for over 50% of cases. In NSCLC, the signal-
ing pathways involving the ErbB protein family become
dysregulated, leading to increased malignant cell growth,
resistance to programmed cell death, and enhanced migra-

tion and metastasis (3). The epidermal growth factor recep-
tor (EGFR) is a 170-kilodalton transmembrane protein that
belongs to the ErbB family of tyrosine kinases located on
chromosome 7. When EGFR is dysregulated, it boosts the
activity of intracellular pathways through tyrosine kinase
autophosphorylation, resulting in increased DNA synthe-
sis, cell proliferation, invasion, and metastasis (4).

Previous research indicates that EGFR is overexpressed
in approximately 10%-41% of lung adenocarcinomas
and highlights specific activating mutations in the EGFR
gene, particularly in exons 18, 19, 20, and 21, which lead
to sensitivity to tyrosine kinase inhibitors (TKIs), such as
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gefitinib (5). The prevalence of EGFR mutations in non-
small-cell lung cancer (NSCLC) varies significantly among
different ethnic groups, influencing patient responses to
EGFR-targeted therapies. For example, East Asian popu-
lations exhibit the highest rates of EGFR mutations, esti-
mated at 30%-50%, which are predominantly responsive
to TKIs. In contrast, many African American popula-
tions have a considerably lower incidence of EGFR muta-
tions, with most studies suggesting rates of approximately
5%-10%. Nonetheless, recent studies have indicated that
African Americans with EGFR mutations can still benefit
from TKI therapy (6, 7). NSCLC represents a considerable
public health challenge in Iran, and it is characterized by a
high prevalence of adenocarcinoma and significant rates of
EGFR mutations (8).

However, few investigations have been conducted on EGFR
gene mutations in Iranian patients with NSCLC. There-
fore, the current study aimed to evaluate EGFR mutation
frequencies and the association between the rearrangement
rates of PD-L1 expression, ALK, and ROSI with EGFR mu-
tations in 647 patients with NSCLC at the largest referral
center in Northwest Iran.

MATERIAL and METHODS

This 6-year retrospective study (April 2018 to August
2024) included 647 patients with confirmed NSCLC.
Among them, 171 patients had an EGFR mutation. Data
were obtained from patients referred to Imam Reza Hos-
pital in Tabriz, Iran. Demographic characteristics were
recorded using the Hospital Information System (HIS).
Hematoxylin and eosin (H&E) slides were evaluated by
two board-certified pathologists to confirm the histologic
diagnosis of NSCLC. Mutation analysis was conducted us-
ing formalin-fixed paraffin-embedded (FFPE) tissues ob-
tained from primary or metastatic tumor sites. Genomic
DNA was isolated from the patient using a Qiagen (USA)
DNA extraction kit. Following DNA extraction, PCR am-
plification was performed to target exons 18-21 of the
EGFR gene. PCR products were then sequenced using the
Sanger method. To improve the specificity and sensitivity
of the study, PCR of these exons was conducted in both
the sense and antisense directions, and the primary PCR
product was used in nested PCR. Although we performed
real-time PCR with the Diatech Kit for the evaluation of
seven mutations (G719x, T790M, S768I, ex20ins, L858R,
L861Q, and ex19del), all results, conventional and Real-
time, were analyzed and calculated. To comprehensively
evaluate key genetic and protein biomarkers in non-small
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cell lung carcinoma (NSCLC), fluorescence in situ hybridi-
zation (FISH) and immunohistochemistry (IHC) analyses
were employed to assess the status of ALK, ROSI, and PD-
L1 in tumor samples.

For detecting the ALK-EML4 fusion gene, FISH analysis
was conducted using the Cytocell ALK break-apart probe
kit, which targets rearrangements in the ALK gene on
chromosome 2p23. Following the manufacturer’s proto-
col, samples were prepared, and probe hybridization was
carried out, followed by washing to ensure signal clarity.
Cells displaying split red and green signals under a fluo-
rescence microscope were marked as positive for ALK
rearrangement, suggesting potential responsiveness to
ALK-targeted therapies. Similarly, to evaluate ROSI gene
rearrangements, FISH analysis was performed using the
Diagen ROSI break-apart probe kit. This assay identifies
rearrangements in the ROSI gene on chromosome 6q22,
which may indicate eligibility for ROSI-specific inhibi-
tors. The procedure involved sample preparation, probe
hybridization, and subsequent washing, as recommended
in the Diagen protocol. Fluorescent signals were analyzed
microscopically, with cells showing split red and green sig-
nals classified as ROSI-positive. To assess PD-L1 expres-
sion, immunohistochemistry (IHC) was performed using
the PD-L1 THC 22C3 pharmDx kit from Master Diagnos-
tics. This assay employs a monoclonal antibody specific for
PD-L1 (clone 22C3) and is validated for use on formalin-
fixed, paraftin-embedded (FFPE) tissue sections. The IHC
protocol included antigen retrieval, primary antibody
incubation, and detection with a horseradish peroxidase
(HRP) system, and the percentage of positive tumor cells
were evaluated under light microscopy, with PD-L1 levels
reported as the tumor proportion score (TPS) to indicate
the extent of PD-L1 expression in tumor samples.

Descriptive statistics were used to summarize the demo-
graphic and clinical characteristics of the study population.
Continuous variables were presented as the median and
interquartile range (IQR) since the data were not normally
distributed, as confirmed by the Kolmogorov-Smirnov
test. Categorical variables were expressed as frequencies
and percentages. For comparisons between groups, the fol-
lowing statistical tests were applied: Mann-Whitney U test,
Fisher’s exact test. A p-value < 0.05 was considered statisti-
cally significant. All statistical analyses were performed us-
ing SPSS version 27.0. This study adhered to the Helsinki
Declaration and was approved by the Ethics Committee of
Tabriz University of Medical Sciences, Tabriz, Iran (Refer-
ence number: IR TBZMED.REC.1398.091).
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RESULTS

Our study included 647 cases of NSCLC. Of these, 430 cas-
es were males (66.5%) and 217 cases were females (33.5%).
The median age was 62 years (IQR: 54-70). Among the 647
specimens, 633 specimens (97.8%) were obtained from bi-
opsies and 14 (2.2%) specimens were resected surgically.
The overall frequencies of the EGFR, ALK, ROSI altera-
tions are summarized in Table I.

Among the 171 studied cases (26.4%) with EGFR muta-
tion, 165 cases (96.5%) were primary, and 6 (3.5%) cases
were metastatic. Our results showed that EGFR mutations
were more frequent in women than in men (33.6% versus

Table I: The alteration types and frequencies in our cases

Gene Frequency
EGEFR mutation 26.4% (171 of 647)
ALK rearrangement 2.3% (15 of 647)

ROSI rearrangement 0%

PD-L1 expression 54.8% (355 of 647)

Table II: The EGFR mutation subtypes and frequencies in the
cases

Mutation Subtype Frequency
Ex19Del 56.7%
L858R 21.6%
Ex20ins 4.1%
S7681 2.3%
T790M 4.7%
L861Q 6.4%
G719X 1.8%
G787A 1.8%
G719C 0.6%

Table III: Results of ALK, ROS1 and PD-L1 analyses

) Percentage
Mutation  Status Count within EGER p-value
Negative 632 97.7% 0.126
ALK
Positive 15 2.3%
Negative 292 45.2% 0.29
PD-L1 1%-49% 208 32.1%
50%< 147 22.7%
Negative 647 100% -
ROS1
Positive 0 0%
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22.8%) (p=0.003). Also, the median age of EGFR-positive
cases was 63 (IQR: 55-70), compared to 61 years (IQR: 53-
69) in the EGFR-negative group (Mann-Whitney U test, p
=0.15) (Figure 1). The most common EGFR mutation was
exon 19 deletion (56.7%), followed by L858R point muta-
tion (21.6%) and exon 20 insertion (4.1%). Other muta-
tions, including G719X, S768I, and L861Q, were observed
in smaller proportions (Table II). ALK rearrangements
were detected in 15 cases (2.3%), with no significant asso-
ciation between EGFR mutations and ALK rearrangements
(Fisher’s exact test, p = 0.126). The mutual exclusivity of
EGFR and ALK mutations was consistent with findings
from previous studies. No ROSI rearrangements were
identified in the cohort. PD-L1 expression was categorized
as (TPS < 1%: 45.2% of cases, TPS 1-49%: 32.1% of cases,
TPS > 50%: 22.7% of cases). There was no significant as-
sociation between PD-L1 expression and EGFR mutation
status (Fisher’s exact test, p = 0.29) (Table IIT and IV).

While specific histopathological subtypes (e.g., adenocarci-
noma, squamous cell carcinoma) were not detailed in the
dataset, the high prevalence of EGFR mutations suggests
a predominance of adenocarcinoma, as EGFR mutations
are more commonly associated with this subtype. Further
studies with detailed histopathological data are needed to
confirm this finding.

DISCUSSION

EGFR mutations play a pivotal role in the clinical manage-
ment of NSCLC, influencing both patient demographics
and therapeutic responses. As one of the most common ge-
netic alterations in NSCLC, particularly in adenocarcinoma
subtypes, EGFR mutations have been extensively studied to
understand their implications for targeted therapies. The
presence of these mutations is associated with favorable
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Figure 1: Box plot chart of age in two groups (EGFR positive and
negative).
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Table I'V: Demographic and Molecular Characteristics
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Variable Total (n = 647) EGFR+ (n=171) EGFR- (n =476) p-value
Age 62 (54-70) 63 (55-70) 61 (53-69) 0.15*
Gender 0.003**
Male 430 (66.5%) 98 (22.8%) 332 (77.2%)
Female 217 (33.5%) 73 (33.6%) 144 (66.4%)
ALK rearrangement 15 (2.3%) 5(2.9%) 10 (2.1%) 0.126**
PD-L1 Expression 0.29**
TPS<1% 292 (45.2%) 75 (43.9%) 217 (45.6%)
TPS:1%-49% 208 (32.1%) 55 (32.2%) 153 (32.1%)
TPS>50% 147 (22.7%) 41 (24%) 106 (22.3%)

*Mann-Whitney U test, **Fisher’s exact test

outcomes when treated with EGFR tyrosine kinase inhibi-
tors (TKIs), which have revolutionized the treatment land-
scape for NSCLC (9). However, the relationship between
EGFR mutation status and patient characteristics, such as
age, sex, and other gene expressions, is complex and war-
rants further exploration. This study aimed to elucidate the
demographic and molecular characteristics of patients with
NSCLC and EGFR mutations in a large Iranian cohort. Pa-
tients with EGFR mutations in NSCLC exhibit distinct clin-
ical and demographic characteristics influencing treatment
responses. Our findings confirm that EGFR mutations are
more prevalent in females (33.6%) than in males (22.8%,
p=0.003), consistent with previous studies (10). The higher
prevalence of EGFR mutations in females aligns with global
trends, particularly in East Asian populations, where EGFR
mutations are found in 30-50% of NSCLC cases (11). Addi-
tionally, the mean age of EGFR-positive patients (63 years)
was slightly higher than that of EGFR-negative patients (61
years), although this difference was not statistically sig-
nificant. This finding contrasts with some studies in which
younger age was associated with a higher likelihood of cer-
tain mutations but lower overall rates of EGFR mutations.
For instance, a study found that among female NSCLC pa-
tients, those aged over 57 years had a higher prevalence of
EGFR mutations (70%) compared with younger patients
(39%) (12), highlighting the need for further investigation
into age-related differences in EGFR mutation prevalence.

This gender disparity may be attributed to hormonal influ-
ences or differences in smoking patterns, as EGFR muta-
tions are more common in never-smokers (12). Although
smoking status was not available in our dataset, some stud-
ies show that never-smokers have a higher prevalence of
EGFR mutations than smokers. For example, in a meta-
analysis, the mutation rates were reported at 70% for nev-
er-smokers versus 41.9% for smokers, indicating a strong

74

inverse relationship between smoking and the EGFR mu-
tation status (11). In a study by Parvar et al., 81.8% of the
patients with EGFR mutations were never-smokers, high-
lighting the association between nonsmoking status and
positive EGFR mutations (13). Moreover, current smok-
ers with EGFR mutations often have worse overall survival
compared with non-smokers (14).

Histologically, most EGFR-mutant NSCLC cases are ad-
enocarcinomas, which is the most common lung cancer
subtype among non-smokers (15). In East Asian popula-
tions, the prevalence of EGFR mutations is 47.9% in ad-
enocarcinoma and 4.6% in lung squamous cell carcinoma,
while in Western people, it is 19.2% in lung adenocarci-
noma and 3.3% in lung squamous cell carcinoma (16).
The most frequent EGFR mutations include exon 19 dele-
tions, occurring in 50-60% of cases, and the L858R point
mutation in exon 21, present in about 30% of cases. Less
common mutations, such as exon 20 insertions, are also
observed at lower frequencies (17). Our study similarly
revealed that the most prevalent mutations were exon 19
deletion (56.7%), L858R point mutation (21.6%), and exon
20 insertion (4.1%), consistent with global data. Patients
with positive EGFR mutation generally respond favora-
bly to EGFR tyrosine kinase inhibitors (TKIs) such as ge-
fitinib and osimertinib (18,19). Studies have shown that
progression-free survival (PFS) is usually longer in patients
receiving TKIs compared with those receiving standard
chemotherapy, often exceeding 10 months (20). However,
the presence of less common mutations, such as exon 20
insertions, underscores the importance of comprehensive
molecular testing to guide personalized treatment strate-
gies. In our study, no significant association was observed
between PD-L1 expression and EGFR mutation status (p
= 0.29). This finding contrasts with some studies that re-
ported higher PD-L1 expression in EGFR-mutant tumors
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(21, 22), while others suggest a negative correlation (23).
The lack of consistency in these results may reflect differ-
ences in study populations, methodologies, or ethnic gene
expression. For instance, Tang et al. reported PD-L1 over-
expression in 71.9% of EGFR-mutant NSCLC cases, com-
pared to 57.1% in wild-type cases (22). Meanwhile, Kojima
et al. found that EGFR mutations were associated with
lower PD-L1 expression and poorer responses to immune
checkpoint inhibitors (24). These discrepancies highlight
the need for further research to clarify the relationship
between EGFR mutations and PD-L1 expression, particu-
larly in diverse populations. Studies have shown that ROS1
rearrangements and EGFR mutations are generally mutu-
ally exclusive events in NSCLC (25). For instance, a com-
prehensive review noted that while ROSI rearrangements
occur in approximately 1-2% of NSCLC cases, concurrent
occurrences with EGFR mutations are extremely rare, with
only a few documented cases in the literature (26). Prog-
nostically, both mutations improve responses to targeted
therapies (21, 25). Similarly, in the present study, no ROSI
Rearrangements were detected. Our findings support the
mutual exclusivity of EGFR mutations and ALK rearrange-
ments, as only 2.9% of EGFR-positive cases harbored con-
current ALK rearrangements (p = 0.126). This is consistent
with previous studies. For example, in a study by Yang et
al., out of 2975 EGFR-positive patients, only nine had con-
current mutations involving both genes (27). The rarity of
cooccurrence implies that testing for one mutation often
leads to the exclusion of testing for the other unless specific
clinical characteristics suggest otherwise.

One of the key strengths of this study is its large sample
size (n = 647), which is the largest cohort of patients with
NSCLC and EGFR mutations studied in Iran to date. This
study provides valuable insights into the demographic
and molecular characteristics of EGFR-mutant NSCLC in
an understudied population. However, several limitations
should be acknowledged. First, the lack of data on smoking
status, tumor stage, and histopathological subtypes limits
our exploration of the relationship between these factors
and EGFR mutation status. Second, the retrospective na-
ture of the study may have introduced selection bias. Fi-
nally, the absence of survival data precludes an analysis of
the impact of EGFR mutations on patient outcomes.

CONCLUSION

This study contributes to the growing body of literature on
EGFR mutations in NSCLC by providing data from a large
Iranian cohort. Our findings confirm that the EGFR muta-
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tions in NSCLC are associated with distinct demographic
characteristics such as female sex and older age. The high
prevalence of common mutations like exon 19 deletions
and L858R underscores the utility of EGFR-TKIs, which
generally improve progression-free survival compared with
chemotherapy. The lack of a significant association be-
tween EGFR mutations and PD-L1 expression underscores
the need for further research to clarify the role of immune
checkpoint inhibitors in EGFR-mutant NSCLC. Addition-
ally, the mutual exclusivity of EGFR mutations and ALK/
ROSI rearrangements reinforces the importance of se-
quential molecular testing in NSCLC management. Future
studies should aim to include a more diverse patient popu-
lation, encompassing various ethnicities and geographic
regions, to better understand the global prevalence and
characteristics of EGFR mutations in NSCLC. Addition-
ally, incorporating data on smoking status, tumor stage,
and histopathological subtypes would provide a more com-
prehensive understanding of the factors influencing EGFR
mutation status and treatment outcomes. Finally, prospec-
tive studies using survival data are needed to evaluate the
long-term impact of EGFR mutations on patient outcomes
and to optimize personalized treatment strategies.

Conflict of Interest
The authors have no conflicts of interest to declare.

Authorship Contributions

Concept and design: SH, AV, RS, Data collection and processing: SH,
RS, AG, PM, AE, MR, YR, Analysis and interpretation: All authors.
Literature search: SH, AV, Writing: SH, RS, PM, Final approval of the
manuscript: All author.

REFERENCES

1. Thomas D, Maloney ME, Raval G. Concomitant EGFR Muta-
tions and ALK Rearrangements in Lung Adenocarcinoma Treat-
ed With Osimertinib. Cureus. 2023;15(11):e48122.

2. Mohammadi S, Rezaei M, Shojaeian F, Pourabdollah M, Mo-
hammadi Ziazi L, Seifi S, Doroudinia A, Salimi B, Khosravi A,
Farhangnasab MA. The Frequency of Epidermal Growth Factor
Receptor (EGFR) Mutation in Patients with Lung Adenocarci-
noma Referred to a Lung Diseases Hospital; A Cross-Sectional
Study from Iran. Iran ] Pathol. 2022;17(2):159-65.

3. Siegelin MD, Borczuk AC. Epidermal growth factor receptor
mutations in lung adenocarcinoma. Lab Invest. 2014;94(2):129-
37.

4. Prabhakar CN. Epidermal growth factor receptor in non-small
cell lung cancer. Transl Lung Cancer Res. 2015;4(2):110-8.

5. Liang Z, Zhang J, Zeng X, Gao J, Wu S, Liu T. Relationship be-
tween EGFR expression, copy number and mutation in lung ad-
enocarcinomas. BMC Cancer. 2010;10:376.

75



Turkish Journal of Pathology

10.

11.

12.

13.

14.

15.

16.

76

Jordan EJ, Kim HR, Arcila ME, Barron D, Chakravarty D, Gao
J, Chang MT, Ni A, Kundra R, Jonsson P, Jayakumaran G, Gao
SP, Johnsen HC, Hanrahan AJ, Zehir A, Rekhtman N, Ginsberg
MS, Li BT, Yu HA, Paik PK, Drilon A, Hellmann MD, Reales
DN, Benayed R, Rusch VW, Kris MG, Chaft JE, Baselga J, Tay-
lor BS, Schultz N, Rudin CM, Hyman DM, Berger MF, Solit DB,
Ladanyi M, Riely GJ. Prospective Comprehensive Molecular
Characterization of Lung Adenocarcinomas for Efficient Patient
Matching to Approved and Emerging Therapies. Cancer Discov.
2017;7(6):596-609.

Rosell R, Moran T, Queralt C, Porta R, Cardenal F, Camps C,
Majem M, Lopez-Vivanco G, Isla D, Provencio M, Insa A, Mas-
suti B, Gonzalez-Larriba JL, Paz-Ares L, Bover I, Garcia-Campelo
R, Moreno MA, Catot S, Rolfo C, Reguart N, Palmero R, Sdnchez
JM, Bastus R, Mayo C, Bertran-Alamillo ], Molina MA, Sanchez
JJ, Taron M. Screening for epidermal growth factor receptor mu-
tations in lung cancer. N Engl ] Med. 2009;361(10):958-67.

Payandeh M, Sadeghi M, Sadeghi E. Clinicopathological Features
of Patients with Non-small-cell Lung Cancer in West of Iran. Ira-
nian Journal of Blood and Cancer. 2016;8(4):98-102.

Pathak A, Rajappa S, Gore A. Oncogenic drivers in nons-
mall cell lung cancer and resistance to epidermal growth
factor receptor tyrosine kinase inhibitors. Indian ] Cancer.
2017;54(Supplement):S1-S8.

Morita C, Yoshida T, Shirasawa M, Masuda K, Matsumoto Y,
Shinno Y, Yagishita S, Okuma Y, Goto Y, Horinouchi H, Yama-
moto N, Motoi N, Yatabe Y, Ohe Y. Clinical characteristics of
advanced non-small cell lung cancer patients with EGFR exon 20
insertions. Sci Rep. 2021;11(1):18762.

Ko HW, Shie SS, Wang CW, Chiu CT, Wang CL, Yang TY, Chou
SC, Liu CY, Kuo CS, Lin YC, Li LF, Yang CT, Wang CC. Associa-
tion of smoking status with non-small cell lung cancer patients
harboring uncommon epidermal growth factor receptor muta-
tion. Front Immunol. 2022;13:1011092.

Sacher AG, Dahlberg SE, Heng J, Mach S, Janne PA, Oxnard GR.
Association Between Younger Age and Targetable Genomic Al-
terations and Prognosis in Non-Small-Cell Lung Cancer. JAMA
Oncol. 2016;2(3):313-20.

Parvar SY, Rezvani A, Ghaderpanah R, Hefzosseheh M, Rafiei S,
Monabati A. The relation between epidermal growth factor re-
ceptor mutations profiles and smoking patterns in patients with
lung adenocarcinoma: A cross-sectional study. Health Sci Rep.
2023;6(7):e1369.

Cha YK, Lee HY, Ahn MJ, Park K, Ahn JS, Sun JM, Choi YL, Lee
KS. The impact of smoking status on radiologic tumor progres-
sion patterns and response to epidermal growth factor receptor
(EGFR)-tyrosine kinase inhibitors in lung adenocarcinoma with
activating EGFR mutations. ] Thorac Dis. 2016;8(11):3175-86.

Enewold L, Thomas A. Real-World Patterns of EGFR Testing

and Treatment with Erlotinib for Non-Small Cell Lung Cancer
in the United States. PLoS One. 2016;11(6):e0156728.

Dearden S, Stevens J, Wu YL, Blowers D. Mutation incidence and
coincidence in non small-cell lung cancer: meta-analyses by eth-
nicity and histology (mutMap). Ann Oncol. 2013;24(9):2371-6.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

HADIMALEKI S et al: Analysis of EGFR Mutation

Borgeaud M, Parikh K, Banna GL, Kim F, Olivier T, Le X, Addeo
A. Unveiling the Landscape of Uncommon EGFR Mutations in
NSCLC-A Systematic Review. ] Thorac Oncol. 2024;19(7):973-
83.

Soria JC, Ohe Y, Vansteenkiste ], Reungwetwattana T, Chewasku-
lyong B, Lee KH, Dechaphunkul A, Imamura F, Nogami N, Ku-
rata T, Okamoto I, Zhou C, Cho BC, Cheng Y, Cho EK, Voon PJ,
Planchard D, Su WC, Gray JE, Lee SM, Hodge R, Marotti M, Ru-
kazenkov Y, Ramalingam SS. Osimertinib in Untreated EGFR-
Mutated Advanced Non-Small-Cell Lung Cancer. N Engl ] Med.
2018;378(2):113-25.

Maemondo M, Inoue A, Kobayashi K, Sugawara S, Oizumi §,
Isobe H, Gemma A, Harada M, Yoshizawa H, Kinoshita I, Fu-
jita Y, Okinaga S, Hirano H, Yoshimori K, Harada T, Ogura T,
Ando M, Miyazawa H, Tanaka T, Saijo Y, Hagiwara K, Morita
S, Nukiwa T. Gefitinib or chemotherapy for non-small-cell lung
cancer with mutated EGFR. N Engl ] Med. 2010;362(25):2380-8.

Chen Q, Shang X, Liu N, Ma X, Han W, Wang X, Liu Y. Features
of patients with advanced EGFR-mutated non-small cell lung
cancer benefiting from immune checkpoint inhibitors. Front Im-
munol. 2022;13:931718.

Luna HGC, Imasa MS, Juat N, Hernandez KV, Sayo TM, Cristal-
Luna G, Asur-Galang SM, Bellengan M, Duga KJ, Buenaobra BB,
De Los Santos MI, Medina D, Samo J, Literal VM, Bascos NA,
Sy-Naval S. The differential prognostic implications of PD-L1 ex-
pression in the outcomes of Filipinos with EGFR-mutant NSCLC
treated with tyrosine kinase inhibitors. Transl Lung Cancer Res.
2023;12(9):1896-911.

Tang Y, Fang W, Zhang Y, Hong S, Kang S, Yan Y, Chen N, Zhan
J, He X, Qin T, Li G, Tang W, Peng P, Zhang L. The association
between PD-L1 and EGFR status and the prognostic value of PD-
L1 in advanced non-small cell lung cancer patients treated with
EGFR-TKIs. Oncotarget. 2015;6(16):14209-19.

Jiang L, Su X, Zhang T, Yin X, Zhang M, Fu H, Han H, Sun Y,
Dong L, Qian J, Xu Y, Fu X, Gavine PR, Zhou Y, Tian K, Huang
J, Shen D, Jiang H, Yao Y, Han B, Gu Y. PD-L1 expression and its
relationship with oncogenic drivers in non-small cell lung cancer
(NSCLC). Oncotarget. 2017;8(16):26845-57.

Kojima K, Sakamoto T, Kasai T, Kagawa T, Yoon H, Atagi S. PD-
L1 expression as a predictor of postoperative recurrence and the
association between the PD-L1 expression and EGFR mutations
in NSCLC. Sci Rep. 2021;11(1):17522.

Kishore R, Pan V. Correlation between ALK, ROS1 Biomarkers
and EGFR Oncogene Mutations in Lung Tumours: Our Obser-
vations in an Apex Oncopathology Laboratory. Asian Pacific
Journal of Cancer Biology. 2023;8:111-7.

Zhu YC, Xu CW, Ye XQ, Yin MX, Zhang JX, Du KQ, Zhang ZH,
Hu J. Lung cancer with concurrent EGFR mutation and ROS1
rearrangement: a case report and review of the literature. Onco
Targets Ther. 2016;9:4301-5.

Yang X, Zhong ], Yu Z, Zhuo M, Zhang M, Chen R, Xia X, Zhao
J. Genetic and treatment profiles of patients with concurrent
Epidermal Growth Factor Receptor (EGFR) and Anaplastic Lym-
phoma Kinase (ALK) mutations. BMC Cancer. 2021;21(1):1107.

Vol. 41, No. 3, 2025; Page 71-76



