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Background: Osimertinib is a novel and irreversible epidermal growth factor receptor (EGFR)- 
tyrosine kinase inhibitor (TKI) targeting EGFR sensitive mutations and EGFR exon20 p.T790M 
mutation, which demonstrated superior progression-free survival (PFS) and overall survival (OS).
Case Presentation: We report a patient with lung adenocarcinoma harboring EGFR exon 
19 deletion mutant treatment with icotinib. After 6 months, she developed EGFR exon20 p. 
T790M and then the patient received osimertinib treatment. A novel MYH9 (exon41)-RET 
(exon12) fusion and EGFR exon20 p.T790M loss were identified using plasma circulation 
tumor DNA (ctDNA) after osimertinib treatment, which led to rapid progression after 
osimertinib five months and suggested a potential resistance mechanism.
Conclusion: Our findings expanded the spectrum of RET arrangement types and provided the 
basis for this hypothesis: acquired RET rearrangement and EGFR exon20 p.T790M loss poten-
tially serve an additional resistance mechanism to osimertinib in EGFR-mutated non-small-cell 
lung cancer (NSCLC).
Keywords: MYH9-RET fusion, EGFR exon20 p.T790M loss, lung adenocarcinoma, 
acquired resistance, osimertinib

Introduction
Approximately half of Asia-patients with NSCLC harbor EGFR mutation, and oral 
EGFR-TKIs have been used as one routine clinical therapeutic approach.1 Osimertinib 
is approved for both EGFR-TKI sensitive and EGFR exon20 p.T790M mutations in 
NSCLC patients.2,3 Previous studies described different resistance mechanisms to osi-
mertinib, including EGFR tertiary mutations, like C797S,4 KRAS mutations, and targe-
table gene fusions.5 In all NSCLC patients, RET fusion accounts for 1–2%, involving 
various common fusion partners such as KIF5B and CCDC6.6 RET fusions have been 
proved that can mediate acquired resistance to EGFR-TKIs.7,8 Here, we reported a lung 
adenocarcinoma patient harboring a novel myosin heavy chain-9 (MYH9)-RET fusion, 
EGFR exon19 deletion (exon19del) and EGFR exon20 p.T790M loss and exerted 
resistance to osimertinib.

Case Presentation
A non-smoking 48-year-old female was admitted to the hospital with intermittent 
cough and sputum for more than 4 months. Space occupying lesions were detected in 
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the basal segment of the lower lobe of the left lung and 
intracranial site on admission examination. The immunohis-
tochemistry staining results of pulmonary biopsy were CK5/ 
6-positive, CK7-positive, thyroid transcription factor-1–posi-
tive, Naspin A–negative, P63-negative, P40-negative and Ki- 
67 positive index 30% (Figure 1). The disease was diagnosed 
as advanced lung adenocarcinoma (poorly differentiated). To 
seek for precision therapy, next-generation sequencing 
(NGS) (14-gene panel) was performed in primary lung can-
cer lesion. EGFR exon19 p. E746_A750del and EGFR 
amplification were detected (Table 1). The patient was imme-
diately treated with icotinib. However, after 6 months, the 
patient’s condition deteriorated and the left lung tumor 

expanded. Then the detection of EGFR exon20 p.T790M 
was performed by ddPCR in plasma ctDNA and T790M 
positive was found. After that, the patient received osimerti-
nib treatment and achieved a partial response with progres-
sion-free survival (PFS) of 5 months. Subsequently, the 
disease progressed with the left lung tumor enlarged.

Plasma ctDNA of patients after osimertinib treatment 
was tested by hybrid capture NGS method using 9-gene 
panel (Simceredx, CAP certified Laboratory), and EGFR 
exon19 p. E746_A750del, EGFR amplification as well 
as a novel MYH9 (exon41)-RET (exon12) fusion 
(Figure 2) were identified, without EGFR exon20 
p.T790M. The findings of gene sequencing during 

Figure 1 Histopathologic stains from the pulmonary biopsy. (A) hematoxylin and eosin. (B) CK5/6 (C) CK7. (D) thyroid transcription factor-1. (E) Naspin A. (F) P63. (G) 
P40. (H) Ki67. (×400). cytokeratin (CK).
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treatment were given in Table 1 and time line of the 
treatments and the effects of different types of therapy 
were presented in Figure 3.

Discussion
In summary, this is the first case report that a novel MYH9- 
RET fusion and EGFR exon20 p.T790M loss occurred in 

Table 1 Findings of Gene Sequencing During Treatment

Time of Sampling Method Sample Gene Mutation Style Frequency (%) or Copy 
Number

Baseline NGS (14-gene 

panel)

Puncture 

tissue

EGFR Exon 19 

p. E746_A750del

46.19%

EGFR Amplification 8

After resistance to 
icotinib

Digital PCR 
(T790M)

Plasma 
ctDNA

EGFR Exon 20 
p. T790M

0.94%

After resistance to 

osimertinib

NGS (9-gene 

panel)

Plasma 

ctDNA

EGFR Exon 19 

p. E746_A750del

32.84%

EGFR Amplification 2.82

MYH9 (exon41)-RET 
(exon12)

Fusion 1.72%

Figure 2 Next-generation sequencing findings of MYH9-RET fusion. (A) The Integrative Genomics Viewer snapshot of MYH9-RET. (B) Schematic representation of the 
MYH9-RET fusion protein domain structure.
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lung adenocarcinoma patient who acquired resistance to 
osimertinib treatment. MYH9-RET fusion retains the com-
plete kinase domain of RET. Besides, the partner gene 
MYH9 contains a coiled-coil domain. MYH9-ALK fusion 
has been reported in 2003, which makes MYH9 a plausible 
partner for RET as well.9 This novel fusion is considered to 
promote ligand-independent dimerization and constitutive 
activation of RET. Previously reported that acquired RET 
fusions can overcome the osimertinib inhibitory effect by 
the activation of MAPK and PI3K signal pathway, which 
was sufficient to cause EGFR TKI resistance.10,11 The 
NSCLC patients harboring RET fusion may benefit from 
new highly selective RET inhibitors, such as BLU-667 and 
LOXO-292. Previously reported that RET fusion coexisted 
with EGFR sensitive mutation in EGFR-mutated NSCLC 
patients who had progressed after first- or second- 
generation EGFR TKI treatment.8

EGFR exon 20 p.T790M loss has been reported in 
some osimertinib resistant cases.12–14 Genomic heteroge-
neity and clonal evolution including T790M-positive 
clones loss and selection of pre-existing resistance clones 
may contribute to the emergence of drug resistance. EGFR 
exon20 p.T790M was detected by NGS assay using 

ctDNA rather than tissue sample after osimertinib resis-
tance. However, it might be due to the low sensitivity of 
the ctDNA assay. This is one limitation of this case. But 
RET fusions as mechanisms of resistance to osimertinib 
have so far always been accompanied by T790M loss in 
EGFR-mutant Lung Cancers.7,10

Because of the patient achieving the partial response 
and the progression-free survival (PFS) of osimertinib 
treatment was merely 5 months, and no other resistance 
mechanisms identified, we considered that this novel 
MYH9-RET fusion acquired and T790M loss was an 
acquired resistance mechanism. One study has demon-
strated that osimertinib and BLU-667 (one of RET inhibi-
tors) might be a well tolerated and effective approach for 
EGFR-mutated NSCLC acquired RET fusion.7 However, 
the patient did not have a chance to receive this combina-
tion therapy and died 3 months later. Moreover, the patient 
did not undergo a biopsy at disease progression after 
osimertinib, so we did not confirm whether there was 
a potential histological transformation or not.

As a routine genetic testing approach, NGS is essential 
in identifying mutations that mediate primary or acquired 
resistance during treatment. Our case report expanded the 

Figure 3 Computed tomography (CT) scan detecting and treatment course. (A–E) Chest CT scans showed the effects of different types of therapy of the patient’s lung 
tumor. (F) Time line of the patient accepting treatments and duration of every treatment.
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spectrum of RET arrangement types and provided the basis 
for this hypothesis: acquired RET rearrangement and 
T790M loss can potentially serve an additional resistance 
mechanism to osimertinib in EGFR-mutated NSCLC.
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