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Abstract: Lung cancer is the leading cause of cancer-related deaths worldwide. In recent years, molecular targeted
therapy has been the most popular and promising development in non-small-cell lung carcinoma (NSCLC). The
EML4-ALK fusion gene has defined a new molecular subtype of NSCLC, and this was generally thought to be mutu-
ally exclusive to other somatic mutations. However, some researchers have described rare cases of co-alterations of
ALK and EGFR and/or KRAS. In this article, we report a patient with lung adenocarcinoma harboring the EML4-ALK
fusion gene and an EGFR activating mutation in exon 19, who had shown no clinical response to EGFR-tyrosine
kinase inhibitors (TKIs) but obtained a durable complete remission in the lungs and a partial remission of brain me-
tastases with crizotinib treatment. To our knowledge, no previous article has reported a case of NSCLC with an EGFR
mutation and ALK rearrangement that achieved long-lasting responses to crizotinib in both the lungs and brain.

Keywords: Non-small-cell lung carcinoma, echinoderm microtubule-associated protein-like 4-anaplastic lymphoma

kinase, epidermal growth factor receptor, crizotinib

Introduction

Most cancer-related deaths worldwide are due
to lung cancer, around 80%-85% of which are
non-small-cell lung carcinoma (NSCLC). As
most NSCLC patients are diagnosed at an
advanced stage, the median 5-year survival
rate with traditional therapeutic approaches
(surgery, radiotherapy and chemotherapy) is
only about 10%. In recent years, molecular tar-
geted therapy has been the most popular and
promising development in NSCLC, especially in
patients with lung adenocarcinoma. Among the
relevant driver genes, the EML4-ALK (echino-
derm microtubule-associated protein-like 4-
anaplastic lymphoma kinase) fusion gene has
been identified as a new molecular target in
NSCLC. Although EML4-ALK fusion was once
regarded as mutually exclusive with EGFR (epi-
dermal growth factor receptor) mutations and
KRAS (V-Ki-ras2 Kirsten rat sarcoma viral onco-

gene homolog) mutations [1-3], an increasing
number of cases of coexisting EML4-ALK fusion
and EGFR mutations, and even triple mutations
(EML4-ALK fusion gene coupled with EGFR and
KRAS mutations) have been reported in pa-
tients with NSCLC in recent years [4].

The co-occurrence of EGFR and EML4-ALK
fusion gene mutations has been described as a
rare molecular event in NSCLC. Whereas the
EGFR mutation rate in East Asian patients with
NSCLC has been reported to be around 30%-
35%, itis only 10% in the Caucasian population
[5]. For ALK rearrangement, the incidence in
NSCLC patients has been reported to be 5% [1,
6-8], and in the East Asian population 3%-11%
[2, 8, 9]. In a recent study, Gainor et al. [3] iden-
tified 301 (17.88%) EGFR mutations and 75
(4.46%) ALK rearrangements in a group of
1683 Western patients with NSCLC, but no con-
comitant occurrences were observed. In a study
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Figure 1. A. Preoperative computed tomography (CT) of the lung revealed a solitary nodule in the right lower lobe. B.
Moderately differentiated pulmonary adenocarcinoma in tumor tissue obtained during surgery (HE, x100).

Figure 2. Computed tomography (CT) of the chest and abdomen after different therapies. A. A new nodule in the
right lower lobe and right pleural effusion after postoperative radiotherapy and chemotherapy (August 2011). B.
Multiple metastases in the lungs (June 2012). C. Further metastatic nodules in the lungs after treatment with
erlotinib for 1 month (July 2012). D. Fewer metastatic nodules in the lungs during chemotherapy administration
(cisplatin and pemetrexed) [November 2012]. E. More metastases in the lungs 4 months after sequential therapy
with docetaxel and afatinib (May 2013). F. No significant metastases in both lungs after crizotinib treatment for 8
months (January 2014). G, H. New metastases in the lungs after crizotinib treatment for 14 months and 20 months,
respectively (July 2014, January 2015). I. A metastasis appeared in the left lobe of the liver (October 2014).
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Figure 3. Magnetic resonance imaging (MRI) of the brain after different therapies. A. Metastases appeared in the
left frontal lobe and cerebellum after postoperative radiotherapy and chemotherapy (February 2012). B. Enlarge-
ment of both metastatic sites of the brain during chemotherapy administration (cisplatin and pemetrexed) [Novem-
ber 2012]. C. Enlargement of the metastasis in the frontal lobe 4 months after sequential therapy with docetaxel
and afatinib (May 2013). D. The brain lesions decreased dramatically after crizotinib treatment for 8 months (Janu-
ary 2014). E, F. Enlargement in the frontal lobe of brain after crizotinib treatment for 10 months, with a new metas-
tasis appearing in the occipital lobe (March 2014).

in Chinese patients, Yang et al. [10] identified
336 (33.70%) EGFR mutations and 70 (7.02%)
ALK rearrangements in a group of 997 NSCLC
patients, and 13 of these (1.30%) had coexist-
ing mutations.

In the following case report, we describe a
patient with lung adenocarcinoma harboring
the EML4-ALK fusion gene and an EGFR muta-
tion in exon 19, who did not respond to EGFR-
tyrosine kinase inhibitor (TKI) therapy but
achieved a complete response in the lungs and
partial remission of brain metastases with
crizotinib treatment.

Case report

A 52-year-old Asian woman who had never smo-
ked was referred to our hospital in December
2010 due to the discovery of a nodule in the
right lower lobe field on a chest x-ray. A physical
examination revealed no noticeable abnormali-
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ties. Computed tomography (CT) revealed a
solitary nodule in the right lower lobe (Figure
1A), but no signs of a related metastasis were
detected by ultrasonography of the abdomen,
magnetic resonance imaging (MRI) of the brain,
and a bone scan. Following exclusion of surgi-
cal contraindications, the patient underwent a
right lower lobectomy together with a pulmo-
nary hilar lymphadenectomy and a mediastinal
lymphadenectomy. The postoperative patho-
logical diagnosis of the neoplasm specimen
was moderately differentiated adenocarcinoma
(Figure 1B), with visceral pleura involvement
and metastases of the hilar lymph nodes and
mediastinal lymph nodes in groups of 2, 3, 4, 6,
10 and 11. A diagnosis of right lower lobe ade-
nocarcinoma pT2N2MO stage IlIA was there-
fore made. Four cycles of combined platinum
and gemcitabine chemotherapy were adminis-
tered at 3-week intervals, followed by radiother-
apy forthe N2 lymph node metastasis. However,
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Figure 4. Tests for EGFR mutation (A) and EML4-ALK fusion gene (B, C). (A) A direct sequencing method showed
EGFR del E746-A750 in exon 19. (B) ALK immunohistochemistry (IHC) showed that tumor cells were positive for ALK
(D5F3) [x200]. (C) EML4-ALK fusion gene was positive by Cycleave probe RT-PCR.

CT imaging of the chest revealed a new suspi-
cious nodule in the right lower lobe and right
pleural effusion (Figure 2A), and MRI revealed
metastases in the brain (Figure 3A) at 3 and 9
months after radiotherapy and chemotherapy,
respectively. She then received palliative radia-
tion of the brain.

The patient was found to have significant dis-
ease progression in June 2012 when follow-up
examinations revealed multiple metastases in
her lungs (Figure 2B) and enlargement of the
right supraclavicular and infraclavicular lymph
nodes, with a stable lesion in the brain. A geno-
typing test using tumor tissue obtained during
surgery was performed via a direct sequencing
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method, which revealed EGFR del E746-A750
in exon 19 (Figure 4A). The patient was then
started on treatment with erlotinib 150 mg
daily (early June 2012). However, after just 1
month of erlotinib treatment, further metasta-
ses were found in her lungs (Figure 2C) and
there were multiple lesions in the bones, but
the brain foci were still stable. Erlotinib treat-
ment was therefore abandoned and the patient
was switched to a combined cisplatin and
pemetrexed chemotherapy regimen for 4
cycles, followed by single-agent pemetrexed
therapy for another 4 cycles. This achieved a
partial response in the lungs (Figure 2D) but
the disease in the brain progressed during this
time (Figure 3B). The patient subsequently
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Table 1. Summary of data from studies of NSCLC patients harboring EGFR mutations or ALK rearrangement

Reference

Histology/stage Distant metastases

Sample (before/after treat-

EGFR mutation, ALK+

Treatment [outcome]

[No. of patients] ment) Chemotherapy EGFR-TKIs Crizotinib
Patients who received both EGFR-TKI and ALK inhibitor therapy:
Present study AC/INIA Brain, bone, lymph nodes,  Tumor tissue (before) del exon 19, FISH+/IHC+ Pt+Gem (1st line) [PR] Erlotinib (2nd line) [PD] 5th line
[n=1] pleura Cis+Pem (3rd line) [PR] Afatinib (4th line) [SD] [CR]
Pem (maintenance) [ PR]
Doce (4th line) [SD]
Yang et al. [10] AC/IIIA del exon 19, FISH+/IHC+ Erlotinib (1st line) [PD] 3rd line
[n=4] [PR]
AC/IV exon 20 insertion, FISH+/IHC+ Afatinib (1st line) [PR] [PD]
AC/IV del exon 19, FISH+/RT-PCR+/IHC+ Erlotinib (1st line) [PR] [SD]
AC/IV del exon 19, FISH+/RT-PCR+/IHC+ Gefitinib (3rd line) [PD] [PR]
Miyanaga et al. AC/IV Bones Tumor tissue (before) del exon 19, FISH+/RT-PCR+/IHC+ Cis+Pem (1st line) [SD] Gefitinib (2nd line) [SD] 5th line
[19] [n =1] Doce (4th line) [PR] Erlotinib (3rd line) [SD] [SD]
Chen et al. [21] AC/IV Lymph nodes Tumor tissue (before) del exon 19, ARMS-/RT-PCR- CistGem (1st line) [Intolerant] Erlotinib (2nd line) [SD] 3rd line
[n=1] Lymph node (after 2nd line)  del exon 19, FISH+/RT-PCR+ [CR]
Chiari et al. [26] AC/IV Pleura, brain, Pleura (before) L858R exon 21, FISH-/IHC+ Cis+Gem (1st line) [SD] Gefitinib (2nd line) [PR] 7th line
[n=1] bones Tumor tissue (after 5th line) ~ Wild-type, FISH+/IHC+ Carbo+Pem (3rd line) [SD] Erlotinib/afatinib (4th [PR]
Doce+Gem (5th line) [SD] line) [PD]
Pem (6th line) [PD]
Baldi et al. [27] AC/IV Tumor tissue (before and L858R exon 21, FISH+/IHC+ Cis+Pem (1st line) [SD] Erlotinib (2nd line) [SD]  3rd line
[n=1] after 2nd line) Pem (maintenance) [PD] [PR]
Lee et al. [28] AC/IV Brain, bones, lymph nodes Tumor tissue (before) del exon 19, FISH+/IHC+ Gefitinib (1st line) [PD] 2nd line
[n=1] [PR]
Patients who received EGFR-TKI or ALK inhibitor therapy:
Yang et al. [10] AC/IV del exon 19, FISH+/RT-PCR+/IHC+ Gefitinib (1st line) [PR]
[n=7]
AC/IV L858R exon 21, FISH+/RT-PCR+/ Gefitinib (1st line) [PR]
IHC+
AC/IV L858R exon 21, FISH+/RT-PCR+/ Erlotinib (1st line) [PR]
IHC+
AC/IV L858R exon 21, FISH+/RT-PCR+ Erlotinib (1st line) [PR]
AC/IV del exon 19, FISH+/RT-PCR+/IHC+ Erlotinib (1st line) [PR]
AC/IV del exon 19, FISH+/RT-PCR+/IHC+ Afatinib (1st line) [SD]
AC/IV L858R exon 21, FISH+ Gefitinib (1st line) [PR]
Sasaki et al. [13] NOS L858R exon 21, FISH+/IHC- Erlotinib [PR]
[n=1] del exon 19, FISH+/IHC- Erlotinib [PR]
Kuo et al. [14] AC/IV Pleura, brain, bones Tumor tissue (before) del exon 19, RT-PCR+ Gefitinib (1st line) [PR]
[n=1]
Tiseo et al. [15] SqAC/IV Bones, liver, lymph nodes  Tumor tissue (after 1st line)  del exon 19, FISH- Cis+Gem (1st line) [PR] Erlotinib (2nd line) [PD]
[n=1] Lmph node (after 1st line) del exon 19, FISH+
Popat et al. [16] AC/IIIA Tumor tissue (before) del exon 19, FISH+/IHC- Carbo+Vin (1st line) [PR] Erlotinib (2nd line) [CR]

(n=1]
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Tanaka et al. [18] AC/IV Bones, liver
[n=1]
Santelmo et al. AC/IIA
[20] [n=1]
Jurgens et al. AC/IV Bones,
[22] [n = 1] lymph node
Cabillic et al. [23] AC
[n=4]
NOS
AC
AC
Patients who did not receive targeted therapy:
Zhang et al. [2] AC
[n=1]
Yang et al. [10] AC/IIA
(n=2] AC/IV
Koivunen et al. AC
[11] [n=1]
Sasaki et al. [13] NOS
[n=1]
Toyokawa et al. SCLC+AC
[17][n=1]
Cabillic et al. [23] AC
[n=4]
AC
AC
AC
Wang et al. [24] AC
[n=1]
Kim et al. [25] AC/IV
[n=5]
AC/I
AC/IV
SqAC/IV
AC/IV
Lee et al. [28] AC/1IB
[n=3]
AC/IIA
AC/IA

Tumor tissue (after 2nd line)
Tumor tissue* (after 3rd line) NA, RT-PCR+/IHC+

Lymph node** (before)

Tumor tissue (after)

Tumor tissue (before)

Tumor tissue (before)

Tumor tissue (before)
Tumor tissue (before)

Tumor tissue (before)

Tumor tissue

Tumor tissue
Tumor tissue

Metastasis

L858R exon 21, NA Cis+Doce (1st line) [SD]

Pem (2nd line) [PR]

del exon 19, FISH+
del exon 19, FISH+

861 exon 21, FISH+ Pem+Carbo+Beva (2nd line) [PR]

Pem (maintenance) [PD]
L858R exon 21, FISH+/IHC-

L858R exon 21, FISH+/IHC-
L858R exon 21, FISH-/IHC+
L858R+T790M, FISH+/IHC-

del exon 19, RT-PCR+

del exon 19, FISH+/RT-PCR+/IHC+
K757R in exon 19, FISH+/RT-PCR+
del exon 19, FISH+/RT-PCR+

A767_V769dupASV exon 19, FISH+/IHC+

del exon 19, direct sequencing
method(+)/IHC+***

L858R exon 21, FISH-/IHC+

del exon 19, FISH-/IHC+
del exon 19, FISH-/IHC+
del exon 19, IHC+
L858R exon 21, FISH+

del exon 19, FISH+

del exon 19, FISH+

del exon 19, FISH+
L858R exon 21, FISH+
L858R exon 21, FISH+
del exon 19, FISH+/IHC+

L718P exon 18, FISH+/IHC+
L858R exon 21, FISH+

Erlotinib (3rd line) [PD]
Gefitinib (neoadjuvant)
[PR]

Gefitinib (1st line) [PD]

Gefitinib (1st line)

Gefitinib (1st line)
Gefitinib (1st line)

NA

NA
NA
NA [SD/PR]

*Tumor tissue from re-biopsy. **Mediastinal lymph nodes from EBUS-TBNA. ***Deletion in exon 19 of EGFR was detected only in the AC component; only the NSCLC component harbored the EML4-ALK fusion gene. AC, adenocarcinoma; ALK,
anaplastic lymphoma kinase; Beva, bevacizumab; Carbo, carboplatin; Cis, cisplatin; CR, complete response; Doce, docetaxel; EBUS-TBNA, endobronchial ultrasound transbronchial needle aspiration; EGFR, epidermal growth factor receptor; FISH,
fluorescent in situ hybridization; IHC, immunohistochemistry; NA, not available; NOS, not otherwise specified; NSCLC, non-small-cell lung cancer; Pem, pemetrexed; PD, progressive disease; PR, partial response; Pt, platinum; RT-PCR, real-time-
polymerase chain reaction; SCLC, small-cell lung carcinoma; SD, stable disease; SqAC, squamous adenocarcinoma; Vin, vinorelbine.
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received brain radiotherapy at another hospi-
tal. Sequential therapy with docetaxel and afa-
tinib was then given. This achieved stable dis-
ease in both metastatic sites for a period of 2
months but disease progression in both lungs,
the brain, and bones was evident 2 months
later (Figures 2E, 3C). Immunohistochemistry
(IHC) testing for ALK fusion verified ALK expres-
sion in the tumor (Figure 4B), and Cycleave
probe real-time polymerase chain reaction
(RT-PCR) methodology confirmed EML4-ALK
positivity (Figure 4C).

In May 2013, the patient was started on treat-
ment with the ALK inhibitor, crizotinib, at a dos-
age of 250 mg twice a day. Eight months later,
no significant metastasis was found in her
lungs, and the brain lesions had decreased dra-
matically (Figures 2F, 3D). There was no evi-
dence of disease progression until the appear-
ance of new metastases in the brain in March
2014 (Figure 3E, 3F) and in the lungs in July
2014 (Figure 2G). At a later follow-up, a meta-
static mass appeared in her left lung (Figure
2H), along with a metastasis in the liver (Figure
2l). Ultimately, we discontinued the ALK inhibi-
tor treatment and instituted hospice care for
deterioration of the patient’s condition.

Discussion

In 2009, Shaw et al. [7] defined ALK-positive
lung cancer as a specific molecular subset of
NSCLC. ALK rearrangement in patients with
NSCLC exhibits distinct clinical pathological
characteristics, including a younger age, light or
no smoking, and adenocarcinoma histology [1,
8, 11, 12]. Generally, EML4-ALK fusion gene
and other oncogenic drivers such as EGFR and
KRAS mutations are mutually exclusive.
However, rare cases of EGFR mutations and
EML4-ALK fusion gene coexisting in NSCLC
have been reported in recent years (since
2007). However, statistical tests have not been
performed thus far, because of deficiencies in
samples and in the available information to
evaluate the response rate or survival rate and
make qualitative judgments about the clinico-
pathological features.

At least 47 cases of concurrent ALK transloca-
tion and EGFR mutations have been described
in 19 previous reports [2, 10, 11, 13-28]. The
available information on these cases are sum-
marized in Table 1. Although concomitant ALK
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rearrangement and EGFR mutations occurred
in all of these cases, the EGFR mutations were
diverse. All of the patients had coexisting ALK
rearrangement and single exon EGFR muta-
tions, including the patient documented in this
report. The characteristics of our patient were
young age, non-smoking history, and adenocar-
cinoma histology, which are similar to those of
ALK-positive NSCLC patients. After only 1
month of erlotinib treatment, the patient dis-
played massive disease progression but follow-
ing sequential treatment with docetaxel and
afatinib for 2 months, she then had stable dis-
ease (which we think was more likely due to
docetaxel than to afatinib).

In patients with advanced NSCLC harboring
EGFR mutations, it has been found that EGFR-
TKI treatment achieves a response rate of more
than 60% and progression-free survival of 9 to
14 months [29-31]. However, different respon-
se rates with EGFR-TKIs have been reported in
patients with coexisting mutations. Some re-
searchers have suggested that EML4-ALK fu-
sion may be responsible for primary or acquired
resistance to EGFR-TKIs [22, 29-31]. The
patient described in this report was found to
have disease progression in the lungs after 1
month of erlotinib treatment, and no significant
response in the brain. Santelmo et al. [20] and
Kuo et al. [14] have both described patients
identified as having coexisting mutations before
receiving chemotherapy and EGFR-TKI therapy,
who acquired resistance to gefitinib after hav-
ing a good initial response to it. The reason for
this phenomenon is currently not clear.

Clinical trials in patients with advanced NSCLC
with ALK rearrangement have demonstrated
greater clinical benefit from crizotinib than from
traditional chemotherapy, with higher response
rates and longer progression-free survival with
second-line treatment with this ALK inhibitor
[32]. However, the majority of NSCLC patients
with ALK rearrangement ultimately acquire
resistance to crizotinib, despite showing a rapid
and marked response initially. From a literature
search, we identified at least 10 patients with
coexisting mutations who had received treat-
ment with crizotinib [10, 19, 21, 23, 26-28].
Among these patients, 9 showed a good
response, but the remaining patient did not.
The patient described in this report responded
positively to crizotinib, with a complete remis-
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sion in the lungs for 14 months (May 2013 to
July 2014) and a partial remission in the brain
for 10 months (May 2013 to March 2014).

Currently, there is controversy over the optimal
treatment of patients with NSCLC who have
both EGFR mutations and ALK translocation.
Among the cases we identified in the literature,
most tended to receive EGFR-TKIs initially, and
then receive crizotinib after the occurrence of
resistance to EGFR-TKIs. It has been suggested
the relative phospho-ALK and phospho-EGFR
levels in such patients may be predictive fac-
tors for the efficacy of EGFR-TKIs and crizotinib
[10].

Metastatic involvement of the brain is common
in patients with NSCLC, resulting in a heavy
symptom and cost burden for patients. Many
studies have shown that NSCLC patients with
ALK rearrangement have a higher risk of brain
metastasis than patients with other NSCLC
subtypes [33-35]. Other studies have suggest-
ed that the poor brain penetration of crizotinib
may be an important mechanism of resistance
to this drug (i.e., pharmacokinetic rather than
genetic resistance), and may result in a limited
clinical response [36-38]. However, there have
been some reports of a good effect of crizotinib
on brain metastasis in ALK-positive NSCLC
patients [39, 40], as there have been with
EGFR-TKIs with low brain permeability, which
have sometimes proved effective for NSCLC
harboring EGFR mutations and brain metasta-
sis. Of note, only 3 patients in the studies we
located from our literature search were report-
ed to have brain metastases. In a patient
described by Chiari et al. [26], brain metasta-
ses appeared after treatment with crizotinib for
almost 2 years. Another 2 cases with brain
metastases were diagnosed prior to treatment
with EGFR-TKIs and/or crizotinib, but no infor-
mation about the brain responses were provid-
ed by the authors. Surprisingly, the patient
described in the present report not only dis-
played a durable complete response in the
lungs with crizotinib treatment, but also had a
long-lasting partial remission in the brain.

In conclusion, the patient with lung adenocarci-
noma harboring ALK rearrangement and an
EGFR mutation in exon 19 described in this
report who had progressed on treatment with
erlotinib, showed a good response to crizotinib
and standard chemotherapy in both the lungs
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and brain, with a survival time from the initial
diagnosis of 4 years. Advanced NSCLCs with
such co-alterations could have diverse respons-
es to EGFR-TKIs and crizotinib, as ALK rear-
rangement is a potential mechanism for prima-
ry or acquired assistance to EGFR-TKIs. Brain
metastases in NSCLC patients with coexisting
EGFR mutations and ALK rearrangement
should be further studied to identify the mech-
anisms underlying different responses to TKIs.
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