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Abbreviations:

CCDC6=coiled-coildomaincontaining6;CT=computedtomography;EMT=endothelial-mesenchymaltransition;EGFR=epidermalgrowthfactor
receptor; HER2 = human epidermal growth factor receptor-2; KIF5B = kinesin-1 heavy chain; MET = mesenchymal to epithelial transition factor;
NGS = next generation sequencing; NSCLC = non-small cell lung cancer; NCOA4 = nuclear receptor coactivator4; PIK3CA= phosphatidylinositol -
4,5-bisphosphate3-kinasecatalyticsubunit;RET=rearrangementduringtransfection; PD=progressivedisease;SAMD5=sterilealphamotifdomain
containing5; TKI=tyrosinekinaseinhibitor;BRAF=v-rafmurineviraloncogenehomologB1; TRIM24=tripartitemotifcontaining24;19del=19 deletion

andrightpleuralcavity.Capture-basednextgenerationsequencing
(NGS)onpleuraltumorsamplerevealedamolecularalterationin

Background: Patients with disease progression on first-gen- exon19deletion(19del)ofEGFR.Gefitinibtreatmentwasiniti-
erationtyrosinekinaseinhibitors(TKIs)usuallyhaveapoorprog-

nosis. Themechanismsofacquiredresistancetoepidermalgrowth
factorreceptor(EGFR)-TKIshavebeenwidelyreported;however,
reports of acquired rearrangement-during-transfection (RET)
fu- sion are rare.

1. Abstract

Case Summary: We report a case of lung adenocarcino-ma
with a novel sterile alpha motif domain containing 5 (SAM-
D5)-RET fusion as a mechanism of resistance to the first-
genera- tionEGFR-
TKI,gefitinib.Shewasdiagnosedwithstagel VA(cT-  3N2M1a)
lung adenocarcinoma with metastases to the right lung
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ated. Two months later, disease progression was
confirmed, with
enlargementofthelungtumorandincreasedpleuraleffusion,a
nd NGS of tumor tissue revealed SAMD5-RET fusion
with allelic frequency of 14.9%. Although the patient
received the best sup- portive treatment, she died with an
overall survival of 9 months.

Conclusion: This case extended the understanding of the
mechanisms of acquired resistance to first-generation
EGFR-TKIs. Re-biopsy and NGS may provide the basis
for accurate treatment of advanced NSCLC.

2. Backgroud

In non-small cell lung cancer (NSCLC), acquired
epidermal growth factor receptor (EGFR) T790M
mutation was found in almost 50%-60% of the EGFR-
tyrosine kinase inhibitor (TKI) resistant cases [1],
followed by human epidermal growth factor receptor-
2(HER2)amplification(8%—13%)[2],mesenchymalto
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epithelial transition factor (MET) amplification (5%-10%) [3,4],
small cell lung cancer (SCLC) transformation (5%) [5], endo-
thelial-mesenchymal transition (EMT) (5%) [5], phosphatidy-
linositol-4,5-bisphosphate 3-kinase catalytic subunit (PIK3CA)
mutation (1%—2%) [5] and v-raf murine viral oncogene homolog
B1 (BRAF) mutation (1%) [6]. However, some of the resistance
mechanismsarestillunknown[7].Here,wepresentthecaseofan
EGFR-mutated non-small cell lung cancer (NSCLC) in a patient
who developed a novel rearrangement-during-transfection (RET)
fusion after progression on a first-generation EGFR-TKI.

3. Case Presentation

A 47-year-old never-smoker woman was admitted on April 20,
2017duetorightchestpain,coughanddyspnea.Rightlungbreath
sounds decreased, percussion dullness. She was diagnosed with
stage IVA(cT3N2M1a) lung adenocarcinoma with metastases to
rightlungandrightpleural (Figurel,2).Capture-basednextgen-
erationsequencing(NGS)onpleuraltumorsamplerevealedamo-

Pleural sample
EGFR 19Del

Pleural sample
SAMDS-RET

July 2017

Figurel: ThemaintreatmentprocessesandchangesvisualizedonCTscans

Gefitinib +
Cabozantinib
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lecularalterationinexon19deletion(19Del)ofEGFR(19exon

p. E746_A750del in-frame deletion mutation, ¢.2235_2249del, p.
Glu746_Ala750del,allelicfrequency:63.08%).Subsequently,the
patientwasstartedongefitinib250mgonceaday(QD)fromMay
2017.Aftertwomonthsoftreatment,thepatient'scoughanddys-
pneaworsened.Diseaseprogressionwasconfirmed,withenlarge-
mentof thelung tumorand increasedpleural effusion.(Figure 1).

Adenocarcinoma was confirmed in the rebiopsy specimen of the
pleura, and NGS of tumor tissue revealed a sterile alpha motif
domain containing 5 (SAMDS5)-RETmutation with an allelic fre-
quencyofthe14.9%,andtheabsenceoftheEGFRmutation(Fig-  ure
3).Therefore, the treatment regimen was changed to gefitinib
250mgQD+cabozantinib80mgQD,andthesymptomsofchest  pain
and dyspnea were alleviated. The patient progressed with a
progression-free survival of 6 months in January 2018.Although
thepatientreceivedthebestsupportivetreatment,shediedinApril
2018 with an overall survival of 9 months.

Cabozantinib +
Intrathoracic perfusion

P & —

December 2017

January 2018
- .

Chest Computed tomography (CT) scan onApril 22, 2017 showed irregular soft tissue shadow at the basal segment of the right lower lobe, enlarged
mediastinal and right hilar lymph nodes, and right pleural effusion with pleural thickening.

Chest CT(July 11, 2017) showed massive pleural effusion in the right pleural cavity with extensive thickening of the right pleura, enlargement of the
right hilar and mediastinal lymph nodes, and a small amount of pericardial effusion.

ChestCT(December4,2017)showedmassivepleuraleffusionintherightpleural cavitywithextensivethickeningoftherightpleura,andenlargement
oftherighthilarandmediastinallymphnodes. Thepericardiumwasthickenedslightlywithasmallamountofpericardialeffusion.Inaddition,asmall thin nodular
shadow under the left lung pleura and a small amount of pleural effusion on the left were observed.

ApulmonaryarteryvascularenhancedCT (January16,2018)indicatedalow-densityfillingdefectinthelumenofthepulmonaryarteryatthebase of the left
lower lobe basal segment, which suggested pulmonary thrombosis.Also, massive pericardial effusion and left pleural effusion could be observed.
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Figure2: Immunohistochemicalimagesofpleuraleffusionandpleuraltissue

(A) IHCresultsofthepleuraleffusioncellblockwereasfollows:CEA(+),EC(+),NapsinA(+), TTF-1(+), WT-1(-),PD-L1(+,positiveproportion
about1%-2%),ALK-V(-),ROS-1(-),whichsupportedthediagnosisoflungadenocarcinoma.

(B) IHCresultsofpleuraltissuewereasfollows:PCK(+),CK7(+),NapsinA(+), TTF-1(+),CR(-), WT-1(-),PD-L1(+,positiveproportionabout
3%-5%),ALK-V(-),ROS-1(-),whichsupportedthediagnosisoflungadenocarcinoma.
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Figure3: Thenovelgefitinib-resistantRETfusionmutation

SupplementaryTablel.SummaryofacquiredRETfusionsinEGFR-TK Iresistantlungcancerpatients.

A Afatinib;E,Erlotinib;O,0simertinib;G,Gefitinib;l, Icotinib;CZ,Crizotinib;CB,Cabozantinib;amp,Amplification;SD, Stabledisease;PR,Par - tial

response; Mo., month; Ref., Reference

aEl  mmEn
EOIE TR -ll.-lft‘ man
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EGFRTKI(s) [RETTusion Treatment Durationof
No. Author,year EGFR mutation beforeRET (meanallele | OtherMutations afterRETf Response response(
fusion frequency) usion Mo.)
1 Wang,202012 L858R, T790M 0+CZ CCDC6-RET 0+ CB Z;;%ﬁ?g”t
2 Klempner,2015% 19Del E CCDC6-RET
3 Klempner,2015% 19Del E CCDC6-RET
4 Piotrowska, 2018 19Del A CCDC6-RET |TP53 E+CB SD 25
5 Piotrowska, 2018 19Del, T790M A O CCDC6-RET O+ BLU-667 PR
AKT2 amp, CCND3
amp,CCNElamp,BCL2L2amp,N
FKBIAamp,
6 |Schrock, 2018% )19De'(E746—A75°de' E CCDC6-RET | NKX2-1 amp, CDKN2A/Bloss,
TP53 Y205H,
CBLY371N,RAD51M1fs*8,SPA
T1R1077H
AKT2amp,CCNDlamp,AXLamp,CC
NE1 amp, CDK6
19Del(E746_A750del amp,FGF19/3/4amp,
13 — — |
7 Schrock, 2018 ) E CCDC6-RET CDKN2A/Bloss,
PARK2splicesite, TP53K120fs*26,
PRMB1 K416fs*3, SMAD4 Y133fs*8
19Del
13 — |
8 Schrock, 2018 (E746_AT5051P) E CCDC6-RET
9 Neal, 2016 NR Gor E CCDC6-RET
10 Neal, 2016%° NR Gor E CCDC6-RET
11 Xu, 20191 L858R (0] CCDC6-RET |EGFRamp
12 Oxnard, 20187 19Del, T790M (6] CCDC6-RET |TP53 F270L
13 Xu, 20191 19Del (E746_ (0] CCDC6-RET |KRAS amp (6]
! T751delinsA, T790M)
EGFRAmp,BRAFAMp,METAmp,CKD
. 6 Amp, CCNE1 Amp, TP53,TERT,
15 — |
14 Piotrowska, 2018 19Del, T790M E,O CCDC6-RET TPM3-. NTRK1
19Del (E746_A750del
11 ! 1 |
15 Xu, 2019 T790M) (0] CCDC6-RET (0]
ccDee EGFRT790M,EGFRT854A EGFR
16 Rich, 2019 19Del E RET(0 1;/ amp, Pembrolizumab |SD 2
(0.1%) METamp
. CCDC6-RET
14
17 Rich, 2019 19Del, T790M E,O (0.1%) NA
18 |Rich, 20194 19Del U CCDCE-RET | £ rpT790M,EGFRamp
(0.1%)
CCDcC6 o+ Progression; |10;
19 Rich, 2019 19Del, T790M A O RET(0 1;//0 bevacizumab; 9 ' '
(0.1%/0. Chemotherapy |PR Unknown
4%)
http://www.acmcasereports.com/ 5
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20 |Rich, 20194 19Del, T790M EA O,G %%E%%B*RET BRAFV600E, EGFRamp
CCDC6-
21 |Rich, 2019% 19Del, T790M 0 RET(0.3%0.
296/
0.1%)
) CCDC6-RET |EGFRT790M,EGFRC797S, EGFR
14 ) ]
22 Rich, 2019 19Del Unknown (0.5%) amp
) CCDC6-RET |EGFRT790M,EGFRamp, STRN-ALK Mixed
14
23 |Rich, 2019 19Del E 050 02%) 0 Noanse |35
24 |Rich, 2019% L858R E (Clcg';)C)G*RET EGFRT790M,EGFRamp, ERBB2 amp
25 |Rich, 2019% 19Del E écg';)C)G*RET EGFRG724S, EGFRamp, MET amp
: 19Del (E746_AT750del —
14 ! ’ .
26 Rich, 2019 T790M, C797G/S) o} CDC123-RET |METamp O; Capmatinib
27 ;ggg?e'm'"akc’pou'ou' 19Del, T790M 0 ERCL-RET
28 |Zhu, 2019° 19Del (L747_A750insP) |1 KIFSB_RET T+CB D 2
29 |Schrock, 20187 L858R A NCOAA—RET A+ CB D 7
30 |Piotrowska, 2018® | 19Del (L747_K754>G) |A+ cetuximab |[NCOA4_RET |RNF43, CDKN2A O+ BLUG67 |PR 12
31 |Offin,2018 L858R, T790M EA O NCOA4RET |EGFRL747S 0 Progression
- 19Del (E746_AT750del, B
32 |xu,2019 7900 0 NCOA4—RET
JAK2V617F, MLHIE433Q
20 - ) ,
33 |Le 2018 19Del, T790M 0 NCOA-RET | FOFRICI0K
19Del (L747_T751del,
3 |xu, 20191 T700M) 0 NCOA4—RET
) » NCOA4RET |EGFRT790M EGFRC797S,
35 Rich, 2019 19Del Unknown (0.2%) EGFRL792F EGFRamp
i 14 NCOA4-RET
36 Rich, 2019 L858R E (0.4%)
37 [Rich, 2019 19Del, T790M E,O ('\éi%‘l*RET EGFRC797S, EGFRamp
38 |Rich, 2019% 19Del E ('\'lcg%“’RET EGFRamp
39 Schrock, 20183 L858R Unknown TRIM24-RET
19Del (E746_A750del
13 ! )
40 |Schrock, 2018 T700M) E,0 TRIM24-RET
) TRIM24-RET
14
41 Rich, 2019 19Del 0] (4.7%) EGFRamp
19Del or L858R
10 )
42 |zhou, 2018 e o RET
4. Discussion mechanism are warranted.

Our patient was diagnosed with lung adenocarcinoma and har-
boredtheEGFR19delmutationaccordingtotargetedsequencing on
initial examination. The effect was poor and the disease pro-
gressedrapidlyaftertreatmentwithgefitinib.Biopsyandtargeted
sequencing were repeated, and, interestingly, we found a novel
SAMD5-RET fusion, and the original EGFR mutation was lost.
We suspected whether the new mutation was induced following
gefitinib treatment. Zhu et al. identified 86 receptor tyrosine Ki-
nase (RTK) fusions as acquired resistance mechanisms to EGFR
TKIs in NSCLC from the literature, and RET fusions account for
43%oftheRTKfusions[8].AmongtheacquiredRETfusioncas-
es(SupplementaryTablel)[8-21],coiled-coildomaincontaining
6(CCDC6)-RET(25/42,59.5%)wasthemostcommon,followed by
nuclear receptor coactivator 4 (NCOA4)-RET (10/42, 25.0%) and
tripartite motif containing 24 (TRIM24)-RET (3/42, 7.1%).
SAMDS5-RETfusionhasneverbeenreportedbefore.Mostof the
acquired fusions emerged after osimertinib treatment (21/42,
50.9%).AlthoughcaseswithacquiredRE Tmutationmediatedre-
sistancefollowinggefitinibtherapyarerare,furtherstudiesonthe

http://www.acmcasereports.com/

However, even after administering gefitinib treatment combined
with cabozantinib, the disease progressed rapidly, indicating that
broad-spectrum antitumor drugs have a poor efficacy in patients
with EGFR 19del mutation or RET fusion. Previous research
foundthat28%ofpatientswithRE Trearrangementsexperienced
apartialresponseaftertreatmentwithcabozantinib[22].Cabozan-
tinibaloneorincombinationwitherlotinibhassuperiorefficacyto
erlotinib alone in EGFR wild-type advanced lung cancer patients
[19].However,cabozantinibmighthavehadnoremarkableeffect
onourpatient.Previouscasesreportedthatpatientswithacquired
RETfusionfollowingtreatmentwitherlotinib,icotinib,orafatinib
combinedwithcabozantinibachievedstabledisease(SD)foronly 2—
7months[9,13,15]. However,a69-year-oldmalewithCCDC6- RET
achieved partial response after receiving osimertinib plus
cabozantinib [11]. Two patients achieved partial response (78%)
after receiving BLU-667, a selective RET inhibitor [15]. More-
over, our previous research reported a female patient, harboring
kinesin-1 heavy chain (KIF5B)-RET fusion with highly positive
PD-L1staining,whoachievedapartialresponseformorethanfive
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months after completion of immunotherapy [23]. These studies alsoproviderealclinicaldatasupportingourtreatmentofpatients with RET fusion.

5. Conclusion

WereportedaspecialcaseofacquiredRETrearrangementin an EGFR-mutated NSCLC patient whose disease progressed on first-generation EGFR-
TKI, gefitinib. This case indicates thatrare new mutations may be induced during treatment with EG- FR-TKIs, and that the EGFR mutation
itself may  be suppressed after treatment. In addition, patients  with RET  fusion may  experi-
encerapiddiseaseprogressionandmaybepronetopleural,lymph node,anddistantmetastases.Repeatedbiopsiesandgenetestsare necessary for lung
cancer patients with rapid disease progression during treatment.
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