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Rare sequential EGFR and ALK mutations in non-small
cell lung cancer: A case report and literature review
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Abstract. In non-small cell lung cancer, the two main genetic
alterations are epidermal growth factor receptor (EGFR) muta-
tions and anaplastic lymphoma kinase (ALK) rearrangements.
The presence of both mutations in a single patient or genetic
mutation discrepancies between primary tumors and metastases
is uncommon. Therefore, at present, there are no guidelines on
the optimal approach and treatment for this group of patients.
This report presents the case of a 58-year-old woman with
EGFR-mutated regional lung cancer who underwent surgery
followed by adjuvant chemotherapy. Upon disease recurrence,
the response to EGFR-tyrosine kinase inhibitor therapy was
poor. Further analysis of metastatic pleural fluid revealed an
ALK mutation. The patient was then treated with anti-ALK
therapy, resulting in long-term disease stability. In conclusion,
the coexistence of EGFR and ALK mutations in lung cancer
is rare, likely due to tumor heterogeneity and prior treatments.
Resistance to targeted therapies can develop through new
molecular alterations during disease progression. Re-biopsies
at progression are crucial for detecting these changes and
optimizing treatment based on the updated molecular profile.

Introduction

According to GLOBOCAN 2022 statistics, lung cancer has
the highest incidence and mortality rate in both men and
women (1). Non-small cell lung cancer (NSCLC) is the most
common type of lung cancer, accounting for 80-85% of
cases (2). In recent years, the advent of targeted therapies for
NSCLC has significantly improved the survival of patients,
with 5-year survival rates for patients with EGFR mutations
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reaching 30-40% and for ALK-positive patients achieving
50-60%, compared with 5-year survival rates of only 5-10%
in the pre-targeted therapy era (3-5). Epidermal growth factor
receptor (EGFR) has the highest proportion, occurring in 45%
of Asian patients and 20% of Caucasian patients with adeno-
carcinoma histology (6). In these patients, EGFR-tyrosine
kinase inhibitors (TKIs) are indicated as the first-line treat-
ment. Classical activating mutations (exon 19 deletions and
the L858R point mutation) account for most EGFR muta-
tions and are strong predictors for a good response to
EGFR-TKIs (7). By contrast, 10-20% of patients with NSCLC
harbor uncommon or rare EGFR mutations, including G719X
(Exon 18), L861Q (Exon21) and S768I (Exon 20), which have
lower response rates (8). Anaplastic lymphoma kinase (ALK)
rearrangement is less common than EGFR mutation and is
found in ~5% of patients with NSCLC (9). ALK-TKIs are the
optimal first-line treatment for individuals with ALK rear-
rangement. The simultaneous or sequential appearance of
both mutations (EGFR and ALK) in a patient is rare, as it is
considered mutually exclusive. This raises questions regarding
the appropriate time and specimens for investigation, as well
as optimal treatment options for these patients. In the present
report, the case of a patient with simultaneous EGFR and
ALK mutations is detailed.

Case report

Patient. A 58-year-old asymptomatic female patient, with
no past medical history, was admitted with a left upper lung
cancer with the pathology of adenocarcinoma on a routine
health check in November 2017 at E Hospital (Hanoi, Vietnam).
The patient underwent laparoscopic surgery to remove the
left upper lobe of the lung, lymph node dissection and then
6 cycles of adjuvant chemotherapy [paclitaxel 175 mg/m?* and
carboplatin area under the curve (AUC) 5 every 21 days]. PCR
combined with molecular probe hybridization of the tumor
specimens was performed to detect gene mutations, revealing a
G719C mutation on exon 18. The patient was then periodically
monitored every 3 months.

In May 2020, the disease recurred at the left chest wall
nodule and left internal mammary nodes. The patient's
clinical examination was normal. The patient received
chemoradiotherapy (33 fractions at 1.8 Gy) concurrent with
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paclitaxel 50 mg/m? and carboplatin AUC 2 (repeated weekly
for 6 weeks), followed by consolidation chemotherapy of
paclitaxel 200 mg/m? and carboplatin AUC 6 (repeated every
3 weeks for 2 cycles) at Vinmec Hospital (Hanoi, Vietnam).

In September 2020, the patient was transferred to Hanoi
Medical University Hospital (Hanoi, Vietnam), and a chest
CT scan performed 2 months after chemoradiation showed
an upper lobectomy, pleural thickening with enhanced nodule
measuring 18x40 mm with no abnormal mediastinal lymph
nodes and no bilateral pleural effusion (Fig. 1). The patient
was further treated with a second-generation EGFR-TKI
drug, afatinib (40 mg once a day, 1 h before food or 3 h after
food). After 3 months of treatment, in December 2020, the
patient developed rapidly increasing dyspnea and the disease
progressed with a large amount of pleural effusion. A CT scan
image showed irregular left pleural thickening, a large left
pleural effusion of 75 mm causing passive atelectasis, a left
chest wall enhancing nodule of 15x13 mm, pericardial fluid
of 16 mm and no unusual mediastinal lymph nodes (Fig. 2).
The patient then underwent a pleural puncture to reduce the
difficulty breathing and to collect specimens for testing. The
cell block from the left pleural effusion, stained with hema-
toxylin and eosin (H&E), revealed cells arranged in clusters
resembling glandular structures. These cells displayed large,
basophilic nuclei and a high nucleus-to-cytoplasm ratio, raising
a strong suspicion of adenocarcinoma (Fig. 3). However, other
differential diagnoses, including reactive mesothelial cells and
mesothelioma, needed to be excluded. To clarify the diagnosis,
additional immunohistochemical staining was performed.
The tumor cells demonstrated positivity for epithelial markers
such as CK7 and lung adenocarcinoma markers such as tran-
scription termination factor 1 (TTF-1), while being negative
for mesothelial markers such as calretinin. These findings
confirmed the diagnosis of metastatic lung adenocarcinoma
with associated pleural effusion (Fig. 4).

Gene mutation testing on pleural fluid specimens using the
new-generation gene sequencing method (test performed by the
Medical Genetics Institute using the Miseq system; Illumina,
Inc.) detected the ALK-EMAP like 4 (EML4) fusion muta-
tion. The patient was then switched to the second-generation
ALK-TKI drug, ceritinib (450 mg, once a day on an empty
stomach, at least 2 h before or after food), and re-evaluated
every 3 months Fig. 5 shows the CT scan obtained after the
first 3 months of ceritinib treatment, indicating a significant
reduction in pleural effusion. During the first month of taking
ceritinib, the patient had diarrhea, but it was mild and interven-
tion was not indicated. After that, the patient tolerated the drug
well, with no further side effects noted. Since then, the disease
has responded well to treatment and has become stable. Fig. 6
displays the most recent follow-up CT scan after 50 months
of receiving ceritinib, showing that the amount of pleural
effusion has remained nearly unchanged with no evidence of
disease progression. The diagnostic, treatment and response of
the patient are summarized in Fig. 7.

Histopathological and immunohistochemical analysis
protocol. The specimen consisted of 200 ml of pleural fluid
(sent to the pathology laboratory) and was stored at 4°C.
The specimen was allowed to sediment naturally for 10 h,
after which the supernatant was discarded and the sediment

Figure 1. Chest CT scan 2 months after chemoradiation. The white arrow
indicates nodular pleural thickening.

Figure 2. Chest CT scan 3 months after epidermal growth factor receptor-
tyrosine kinase inhibitor therapy. A large amount of left pleural effusion was
noted.

was collected. The sediment was transferred to test tubes
(15x45 mm), then centrifuged for 10 min at 447 x g and room
temperature. The supernatant was removed and the sediment
was fixed in 10% neutral buffered formalin (NBF) at room
temperature for 5 h, with a volume ratio of NBF to sediment
of 10:1. Next, the sample was again centrifuged for 10 min
at 447 x g and room temperature and then incubated at 55°C
for 1 h. After fixation, the specimen formed a firm pellet that
was easily retrievable, which was wrapped in non-adhesive
paper and placed in a cassette for routine histopathological
processing and embedding within paraffin. Then, 3-5 pm-thick
sections were cut from the paraffin block using a microtome
and stained with H&E at room temperature for 30-45 min.
Immunohistochemical staining of CK7, CK20, TTF-1 and
calretinin (Table I) was also performed using the fully auto-
mated DAKO Omnis immunostaining system from Agilent
Technologies, following the manufacturer's protocol, with
both positive and negative controls included. The H&E and
immunohistochemically stained slides were examined under a
light optical microscope.

Discussion

In the present study, the patient was initially diagnosed with
local regional lung cancer and underwent surgery followed by
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Figure 3. Hematoxylin and eosin staining of the left pleural effusion cell block. (A) High-magnification view showing clusters of malignant cells with glandular
formation, large basophilic nuclei and a high nucleus-to-cytoplasm ratio (magnification, x40). (B) High-magnification field demonstrating similar cytological
features (magnification, x40). (C) Low-magnification view showing the overall architecture of the cell block with tumor cell clusters in a background of fibrin

and inflammatory cells (magnification, x10).

Figure 4. Immunohistochemical staining of the histological biopsy from the
left pleural fluid cell block. Cells are arranged in clusters with epithelioid
morphology suggesting glandular, papillary structures; the cells exhibit
large, basophilic nuclei and a high nucleus-to-cytoplasm ratio. (A) Cluster
tumor cells showing strong CK7 expression, confirming epithelial origin
(magnification, x40). (B) Tumor cells showing a loss of CK20 expression
(magnification, x40). (C) Atypical epithelioid cells exhibiting strong nuclear
transcription termination factor 1 expression, indicative of lung adenocarci-
noma (magnification, x40). (D) Absence of calretinin expression, ruling out
mesothelial differentiation (magnification, x40).

adjuvant chemotherapy. Subsequent analysis of the post-oper-
ative tumor specimen revealed an EGFR gene mutation,
specifically G719C mutation, which is relatively rare compared
with the more common EGFR mutations such as exon 19 dele-
tions and L858R. The G719C mutation, along with other exon
18 mutations (such as G719S and G719A), accounts for 3-5% of
all EGFR mutations in NSCLC (10). With first-generation TKIs,
patients with G719C and similar exon 18 mutations exhibit
response rates of 30-50%, with progression-free survival (PFS)
times shorter than those typically observed in patients with
exon 19 deletions or L858R mutations. Afatinib has shown
improved efficacy for uncommon mutations, including G719C.
Clinical data suggest that afatinib provides higher response
rates and a longer PFS time for G719 mutations compared

Figure 5. Chest CT scan after the first 3 months of treatment with anaplastic
lymphoma kinase-tyrosine kinase inhibitor. The pleural fluid was notably
decreased.

Figure 6. Chest CT scan collected February 2025 (stable disease for
50 months).

with first-generation TKIs (11-13). Although primarily used
for T790M resistance mutations, some studies suggest that
osimertinib may also have activity against G719C. However,
afatinib tends to be the preferred option in clinical practice
for this mutation, owing to more robust data on uncommon
mutations (13,14). In the present study, upon disease recur-
rence, the response to EGFR-TKI was notably poor, marked by
the development of pleural effusion within the first 3 months.
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Table I. Primary antibodies used in immunohistochemistry.

Primary antibody Clone Supplier Cat. no. Dilution
CK7 (monoclonal) OV-TL12/30 Dako (Agilent Technologies, Inc.) M7018 1:250
CK20 (monoclonal) K20.8 Dako (Agilent Technologies, Inc.) M7019 1:250
TTF-1 (monoclonal) 8G7G3/1 Dako (Agilent Technologies, Inc.) M3575 1:100
Calretinin (monoclonal) DAK-Calret 1 Dako (Agilent Technologies, Inc.) M7245 1:100

TTF-1, transcription termination factor 1.

m Vinmec Hospital Hanoi Medical University Hospital (our hospital)

5/2020
Disease recurrence
(Left chest wall nodule, left
internal mammary nodes)

* CRT (59.4 Gy/33fx//Paclitaxel- * Afatinib
Carboplatin)

11/2017
Dx: Left lung cancer

«Tx: Surgery > AC
*HPE: Adenocarcinoma

*Genetic testing: EGFR G719C
mutation

9/2020
Progressive disease
(Nodular pleural thickening)

12/2020
Progressive disease
(Pleural effusion)

02/2025
Stable disease

« Cellblock: adenocarcinoma

« Ceritinib (50 months)
« Genetic testing: ALK-EML4
mutation

* Ceritinib=> Partial response

Figure 7. Clinical course of the diagnosis and treatment history of the patient. Dx, diagnosis; Tx, treatment; AC, adjuvant chemotherapy; HPE, histopathologic
examination; EGFR, epidermal growth factor receptor; CRT, chemoradiotherapy; ALK, anaplastic lymphoma kinase; EML4, EMAP like 4.

This prompted the conduction of a genetic mutation test on
pleural fluid specimens. Notably, EGFR gene mutations were
not detected; instead, ALK mutations were identified. Based
on these findings, the patient was treated with anti-ALK drugs
and achieved long-term disease stability.

This change in gene mutation status at different times could
be explained by the influence of chemicals on genetic muta-
tion. In patients with advanced disease stages, it is crucial to
prioritize EGFR mutation detection before initiating systemic
therapy. However, the efficacy of TKI therapy as a second-line
treatment appears to be inferior to that as a first-line treatment,
suggesting a potential change in gene mutation status due to
the influence of chemicals. A study by Bai et al (15) showed
that chemicals (such as platinum-based chemotherapy) can
initially significantly reduce the frequency of EGFR muta-
tions in tumor tissue and plasma. Among 264 patients with
advanced NSCLC, plasma EGFR mutations were found in
34.5% of samples collected before 2 chemotherapy cycles,
but only in 23.1% of the post-chemotherapy plasma samples.
Honda et al (16) also reported the case of a Japanese woman
with the disappearance of an activated EGFR mutation in
malignant pleural effusion after treatment with chemotherapy
and TKIs. Therefore, chemotherapy and TKI treatment may
have influences on gene mutation status, and thus, EGFR
mutation status collected from the initial specimens might
be inadequate for predicting the efficacy of TKI treatment in
subsequent lines.

After failure with first- or second-generation
EGFR-TKIs, clinicians typically utilize liquid biopsies to
detect drug-resistant mutations, such as T790M, or iden-
tify other gene mutations with lower frequencies. Liquid
biopsy, primarily through the analysis of circulating
tumor DNA, offers a non-invasive approach to monitor
tumor dynamics and emerging resistance mutations. For

example, Iwama et al (17) demonstrated that an increase in
EGFR-activating mutation alleles in plasma during treatment
was correlated with disease progression, underscoring the
value of liquid biopsy in predicting EGFR-TKI efficacy and
assessing clonal evolution. Beyond detecting EGFR muta-
tions in lung cancer, liquid biopsy has expanded to identify
various other genetic alterations, including mutations in
KRAS and BRAF as well as ALK rearrangements (18).
Qvick et al (19) demonstrated that liquid biopsy could detect
mutations in KRAS and BRAF, which were not identified in
tumor tissue samples, highlighting its potential to uncover
additional actionable mutations. In summary, liquid biopsy
is a powerful tool for identifying a broad range of genetic
mutations in lung cancer, such as KRAS, BRAF and ALK
rearrangements, while also providing insights into epigen-
etic changes and copy number alterations (20,21). This broad
utility enhances its role in personalized treatment strategies
and monitoring therapeutic resistance.

In the early years following their discovery, the two
main genetic alterations, EGFR mutations and ALK rear-
rangements, were previously believed to be mutually
exclusive (13-15). A study indicated that ALK rearrange-
ments were more frequently found in patients with poorly
differentiated adenocarcinoma, while EGFR mutations were
more typically found in well-differentiated cancer (22).
Similarly, the coexistence of KRAS mutations with either of
these alterations was considered nearly impossible (23,24).
As a result, the initial algorithms for biomolecular charac-
terization of non-squamous NSCLC recommended testing
samples for KRAS mutations first, followed by EGFR
testing only if KRAS was wild-type (24). ALK testing
was reserved for cases where no alterations were detected
in the prior tests. However, further studies have shown that
the coexistence of EML4-ALK rearrangements and EGFR
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mutations, though uncommon, is possible, as is the presence
of KRAS and other mutations (22,25-28). Therefore, the
previously established diagnostic algorithm can no longer
be the gold standard. Recent studies and reports have shown
that the simultaneous appearance of both EGFR and ALK
is uncommon (0.1-1.6%) (27,28). Intratumor heterogeneity,
defined as the presence of sub-clonal diversities of cells
within a lung tumor, may explain the occurrence of multiple
genetic alterations concurrently. Nonetheless, the clinical
and pathological characteristics of these patients have not
been fully described, and the optimal treatment approach for
this patient group is unclear. Hu et al (28) reported a clinical
case with concomitant EGFR mutation and ALK rearrange-
ment, progression on osimertinib and partial response to
alectinib. Recently, there have been studies reporting similar
cases in which 107 patients harboring both EGFR mutation
and ALK rearrangement have been documented, revealing
variable responses to treatment (28,29). The summary from
these reports indicated a reduced overall response rate
(ORR) to EGFR-TKIs, whereas patients receiving ALK-TKIs
demonstrated an improved ORR. Due to the variability in
response, and since there are no clinical guidelines for
choosing the optimal targeted therapies in this specific group
of patients, further research is required to gain an improved
understanding and explore potential combination or sequen-
tial therapy strategies. Although there is no consensus in the
literature, ALK-TKIs appear to be marginally more effec-
tive than EGFR-TKIs in patients with both EGFR and ALK
alterations. Disease control and response has been reported
as the best outcome in 69.8 and 43.4% of cases treated with
EGFR-TKIs, compared with 79.5 and 51.3% of cases treated
with ALK-TKIs, respectively (30,31). However, due to the
limited number of evaluable patients, definitive conclusions
cannot be drawn. Following a literature review of 100 cases,
ALK-TKIs may be considered the preferred first-line
treatment, provided no other data are available to guide
the therapeutic decision (32). A potential future approach
could involve investigating the safety and efficacy of dual
inhibition of both ALK and EGFR, as these alterations may
coexist in some patients. Designing clinical trials specifically
targeting this patient subset would be a valuable step toward
addressing several unanswered questions. However, due to
the rarity of this condition, recruiting a sufficient number
of patients would likely be a notable challenge. Assuming
that there is consistency in mutation status across specimens
(primary tumor and malignant pleural fluid), the transforma-
tion of EGFR gene mutations from positive to negative with
the appearance of new ALK rearrangement is extremely
rare. To the best of our knowledge, no other similar clinical
cases have been reported. This raises questions about the
appropriate time and specimens to survey genetic mutations.

Tumor heterogeneity serves a notable role in the diversity
of tumor mutation status. There have been different levels
of heterogeneity in cancer: Interpatient, intratumor and
intertumor (28). Generally, patients with NSCLC harboring
targetable driver mutations respond well to specific inhibi-
tors. However, some patients show poor or mixed responses
to targeted therapy, which may be explained by intertumor
molecular heterogeneity (28,32). In the literature, several lung
cancer studies have reported differences in EGFR and ALK
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mutational status between primary and metastatic sites (22-25).
Several different models have been proposed to explain this
difference in genetic profile. A classic model states that primary
tumor cells have a low metastatic potential, so the accumula-
tion of enough genetic mutations will promote metastasis (32).
Besides, there can be inconsistencies between genetic testing
methods, as in the present case, two gene mutation tests were
performed using two different methods (32,33).

In conclusion, the simultaneous or sequential appearance
of EGFR/ALK mutation in lung cancer is very rare. This can
be explained by tumor heterogeneity and the effects of chemo-
therapy. The approach and treatment need to be individualized
and remain a clinical challenge. According to reports, EGFR
mutations, ALK translocations and various other biomolecular
alterations can emerge during disease progression as mecha-
nisms of acquired resistance following treatment with EGFR
and ALK-TKIs (33,34). Therefore, whenever technically
feasible, it is essential to perform re-biopsies in all patients with
disease progression to identify any new alterations and tailor
subsequent therapies based on the updated biomolecular profile.
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