
Treatment of HER2 Positive NSCLC

In-Jae Oh

Lung & Esophageal Cancer Clinic

Chonnam National University Hwasun Hospital

다기관 임상연구 사례발표



CONTENTS

• Background of HER2

• Treatment of HER2 positive NSCLC

• Phase 2 clinical trial of poziotinib



Potential targetable oncogenes by histology

EGFR, epidermal growth factor receptor; ALK, anaplastic lymphoma kinase; DDR2, discoidin domain receptor tyrosine kinase 2; 
FGFR1, fibroblast growth factor receptor 1; KRAS, Kirsten rat sarcoma viral oncogene homolog; MET, MET proto-oncogene; PIK3CA, 
phosphatidylinositol-4,5-bisphosphate 3-kinase, catalytic subunit alpha; PTEN, phosphatase and tensin homology deleted on 
chromosome 10; RET, ret proto-oncogene; SCLC, small-cell lung cancer

J Thorac Oncol 2015;10:S1–S63



HER2/Neu or ErbB-2

• HER2 (human epidermal growth factor receptor-2)
– Named because it has a similar structure to human EGFR, or HER1

• Neu
– Named because it was derived from a rodent glioblastoma cell line, a 

type of neural tumor

• ErbB-2
– Named for its similarity to ErbB (avian erythroblastosis oncogene B), 

the oncogene later found to code for EGFR

• Gene cloning showed that HER2, Neu, and ErbB-2 are all 
encoded by the same orthologs

• ERBB2, a known proto-oncogene, is located at the long arm of 
human chromosome 17 (17q12)















HER2 pathway in NSCLC

• Oncogenic activation of HER2 is observed in a variety of 
malignancies including breast, stomach, lung, bladder, ovarian, 
and pancreatic cancer 

• In NSCLC, HER2 (+) confers relative resistance to conventional 
chemotherapy  emerging as a key target for molecular Tx

• Heterodimers between EGFR & HER2 are the most stable

 resulting in augmentation of EGFR signaling by HER2

& HER2 also mediates sensitivity of EGFR-mutant lung 

tumors to anti-EGFR therapy 

Cancer Discov 2012;2(10): 922–33



Lung Cancer (2015), http://dx.doi.org/10.1016/j.lungcan.2014.12.018 

IHC FISH NGS





HER2 mutation

• HER2 mutations are typically observed with ADC histology, in 
never-smokers, and women Lancet Oncol 2011;12:175–80

• Usually mutually exclusive with EGFR, KRAS, and ALK 
mutations in NSCLC

• In a selected population of EGFR/KRAS/ALK mutation negative 
patients, the incidence can reach up to 6%

Clin Cancer Res 2012;18:4910–8

Study group Total (No.) HER2 mutation (No.) %

Tomizawa K et al. (Lung Cancer 2011) 504 13 2.58

Li C et al. (J Thor Oncol 2012) 224 8 3.57

Sun Y et al. (J Clin Oncol 2010) 52* 2 3.85

Arcila M et al. (Clin Cancer Res 2012) 560 25 4.46

Zhang Y et al. (Clin Cancer Res 2012) 349** 16 4.58

Cardarella S et al. (J Thor Oncol 2012) 276 13 4.71

Li C et al. (PLos One 2011) 202* 12 5.94

*Inclusion of adenocarcinoma samples of never-smokers only, 
**Inclusion of adenocarcinoma samples of female never-smokers only Transl Lung Cancer Res 2(2): 122-127.



Clin Cancer Res 2012;18(18): 4910–8



NGS for HER2 mutation

• NGS is emerging as an 
important method for 
identification of HER2 gene 
mutations in NSCLC

– The value of performing NGS in 
place of or in addition to IHC and 
FISH in lung ADC remains to be 
validated

Jaya Punetha, and Eric P. Hoffman Circ Cardiovasc Genet. 2013;6:427-434



N Engl J Med 2006 Jun 15;354(24):2619-21



Lung Cancer 2012;76:123– 127



J Clin Oncol 2013 Jun 1;31(16):1997-2003

22.9 mo

89.6 mo

5.1 mo



J Clin Oncol 2013 Jun 1;31(16):1997-2003

 Trastuzumab-based tx (n=15)
• DCR = 93%

 Afatinib (n=3)
• DCR = 100%



J Clin Oncol 2013 Jun 1;31(16):1997-2003



13. N Engl J Med 2006 Jun 15;354(24):2619-21
14. J Clin Oncol 2013 Jun 1;31(16):1997-2003



Acquired resistance in 1st generation EGFR-TKI 

Yu et al. Clin Cancer Res 2013



HER2 amplification with
acquired resistance to 1st-generation EGFR TKIs

• HER2 amplification has also been described as an acquired 
mechanism of resistance to EGFR-TKIs in up to 12% of EGFR-
mutant NSCLC tumors, occurring independently of the T790M 
mutation 

Cancer Discov 2012;2:922–33

• In this scenario, 
– Dual EGFR blockade by afatinib + cetuximab

• Induce responses in some patients negative for the T790M mutation

Cancer Discov 2014;4:1036–45

– Dual inhibition of EGFR and HER2 by afatinib, dacomitinib, lapatinib or 
neratinib

• Results with afatinib in HER2(+) NSCLC have been promising

Lung Cancer 2012;76:123–7





SUMMARY

• HER2 (+) has been well-studied in breast cancer, but its 
importance is still being explored in NSCLC

– Laboratory methods (IHC, FISH, NGS) should be validated

– HER2 mutations & the clinical demonstration of activity of anti-HER2 
agents have renewed interest on the role of HER2 pathway 

– It may be plausible to conclude that HER2 (+) in NSCLC confers a 
favorable prognosis due to availability of the HER2 targeted therapies



Int J Cancer 2012;130:2445–2454.





Cancer Res Treat 2017;49(1):10-19

Conclusion
In this explorative phase II study poziotinib provided
modest clinical benefit in patients with advanced or 
metastatic lung adenocarcinoma having progressed 
on erlotinib or gefitinib. This study provided no
obvious clinical evidence showing that poziotinib
may overcome AR secondary to EGFR T790M 
mutation.









유전자 검사

 Central HER2 mutation 검사는두기관에서시행

 1차검사(스크리닝)

• 마크로젠에서 Sequencing을통해양성/음성확인

• DNA 200 ng

 2차검사

• Sequencing(+) 대상으로 시선바이오에서 NGS technique으로

HER2 mutation 확진

• DNA 100 ng











조기종료 근거 및 기준

 현재까지 알려진 HER2 mutation의 발현율은 폐선암에서 1-4% 이나

국내에서는 HER2 mutation의 발현율이 얼마나 되는지에 대한 연구

결과는 아직 없는 상태이다.

 그러나 국외에서는 EGFR mutation과 ALK translocation이 모두 음성

인 환자에게서 HER2 mutation이 최고 6%까지 발현되는 것으로 보

고 되었다.

 HER2 mutation의 국내 및 국외 발현율을 고려하고 불필요한 선별검

사를 최소화하기 위해, EGFR mutation과 ALK translocation이 모두

음성인 환자 100명 중에서 HER2 mutation 발현율이 5%를 넘지 않

으면 본 연구를 중지할 수 있다.

 또한, HM-PHI-102 1상 연구 결과를 토대로 등록된 10명의 환자에게

서 3명 미만으로 DCR을 보일 경우에도 연구를 중지할 수 있다.



시험약 재투여시 용량 감량 기준 용량 감량

이상약물반응 유형 및 단계 1차 발현 2차 발현 3차 발현

설사

적절한지사제투여및수분보충에도불구하고

CTCAE 3등급의설사가있는경우

12  mg

(시험자

판단에따라 8 mg

으로감량가능)

8 mg 8 mg

(2주투여

1주휴약)

적절한지사제투여및수분보충에도불구하고

2일(48시간) 이상연속적으로 CTCAE 2등급의설

사가있는경우

12 mg 8 mg 8 mg

(시험자판단에

의해 2주투여 1주

휴약가능)

오심

및/또는

구토

적절한항구토치료및수분보충에도불구하고

CTCAE 3등급의오심및/또는구토가있는경우

12 mg

(시험자

판단에따라 8 mg

으로감량가능)

8 mg 8 mg

(2주투여

1주휴약)

적절한항구토치료및수분보충에도불구하고

2일(48시간) 이상연속적으로 CTCAE 2등급의 오

심및/또는구토가있는경우

12 mg 8 mg 8 mg

(시험자판단에

의해 2주투여 1주

휴약가능)

전신항생제를포함한최적의보존적요법에도불구하고

CTCAE 3등급의발진이있는경우

12 mg 8 mg 8 mg

(시험자판단에

의해 2주투여 1주

휴약가능)

간질성

폐질환 또는 폐렴

(pneumoniti)

진단 시험약투여

영구중단

위에제시된경우를제외한 CTCAE 3등급의모든이상약물반응

12 mg

(시험자

판단에따라 8 mg

으로감량가능)

8 mg 8 mg

(2주투여

1주휴약)



HER2 Mutation Test

Sites D-sequencing (n) NGS (n) HER2 Positive (n) %

서울아산병원 294 66 15 5.1%

화순전남대병원 25 15 7 28.0%

부산대병원 28 14 3 10.7%

강남성모병원 50 28 4 8.0%

Total 407 129 29 7.1%

Mutation types (in Ex 20) 아산병원 화순전남대병원 부산대 강남성모 Total

c.2324_2325 InsYVMA 3 2 1 2 8

c.2324_2327 InsTG-T 1 1

c.2325_2329 InsGT-T 2 2

c.2326_2327 InsTGT 9 3 1 13

c.2339_2340 InsGSP 1 1

p.N813D (A>G) 1 1

p.V773M (G>A) 1 1

p.E812K (G>A) 1 1

p.R814H(G>A), p.Q828R(A>G) 1 1

Total 15 7 3 4 29



Demographics of HER2(+) NSCLC
Characteristics (N = 29) No. (%)

Age, median (range, years) 57 (25 – 86)

Sex 
Female
Male

17 (58.6)
12 (41.4)

Smoking status
Never
Ex / current smoker

< 20 pack-years
 20 pack-years

20 (70.0)
3 (10.3)/ 6 (20.7)
2 (6.9)
7 (24.1)

Histology
ADC 29 (100)

Coexisting alterations
EGFR mutation
ALK rearrangement (IHC/FISH/NA)

0
2 (6.9) / 0 / 3 (10.3)

Stage
IA / IB
IIA / IIB
IIIA / IIIB
IV

6 (20.7) / 1 (3.4)
1 (3.4) / 0
2 (6.9) / 3 (10.3)
16 (55.2)



Site Enrollment Status

Site  
No.

Site Name PI
Screened 

#
S/F #

Enrolled 
#

Ongoing 
#

EOT #

PD Others*

01 건국대학교병원 이계영교수님 2 0 2 0 2 0

04 화순전남대학교병원 김영철교수님 8 3 4 0 1 3

Actual N / Planned N : 6/47 (13%) 10 3 6 0 3 3

* EOT_Others: SAE, UK, IP non-compliance, AE, Lost to FU

2017-02-09 현재



Demographics

Characteristics (N = 6) No. (%)

Age, median (range, yr) 60 (47 – 67)

Sex 
Female
Male

6 (100)
0

Smoking status
Never
Smoker

6 (100)
0

ECOG PS
0
1
2

1 (16.7)
4 (66.7)
1 (16.7)

Previous treatment (response)
AP (1SD, 1PD) → D (PR)
CCRT with EP (SD) → A (SD) → G (SD)
AP (SD)
A (SD)
GC (PD)

2 (33.4)
1 (16.7)
1 (16.7)
1 (16.7)
1 (16.7)



47 YO Female

 2014.8.18 ADC cT2N2M0, EGFR(-), ALK(-), K-ras(-), HER2 c.2336 Ins TGT
• Neoadjuvant CCRT
• Alimta: 2016.3.14. SD, 2016.6.30. PD
• Poziotinib 12 mg: 2016.7.5 ~

2016-07-05 2016-08-16 2016-11-16



47 YO Female

2016-06-24

2016-08-12

2016-11-05



58 YO Female
 ADC,LUL(2015.2.12) IV(T1aN3M1b) - both cervical LNs, r/o Rt pelvis
 EGFR PNA: wild, ALK IHC (1+), ALK FISH(-)
 HER2 Exon 20 Ins YVMA mutation
- 1AP4 : 2015.3.5 ~ 5.7, mA5-10: 2015.6.4 ~ 10.29
- 2Avelumab(Doce4): 2015.12.31 ~ 2016.3.3
- 3Poziotinib 12mg: 2016.8.8 ~ 8.16, 

8mg d/t diarrhea: 8.25 ~ 2017.1.25

2016-07-23

2017-01-23



Response Evaluation
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Response & Survival

Best response (N = 6) n (%)

CR 0

PR 0 

SD 2 (33.3)

PD 4 (66.7)

Disease control rate 33.3%

Survival analysis days

Median TTP 58.5

Median PFS 60.5 

Median OS 88.5 

By RECIST v1.1



HER2 E812K mutation

Clin Cancer Res 2008;14(8):2465-2475

“Lapatinib Resistance”



61 YO Female

ADC,LLL(2014.5.13) pIIIA(pT2aN2M0) -> IV; pleura, liver mets
EGFR PNA: wild, ALK FISH(-), HER2 seq(-), NGS: E812K mutation
- VATS LLL lobectomy c MLND: 2014.6.3
- ATC4: 2014.07.04 ~ 09.12 
- 1CCRT(EP2) for pleural mets: 2015.2.9 ~ 3.20, 27fx 
- 2A6: 2015.10.23 ~ 2016.2.15
- 3G2 : 2016.4.4 ~ 5.9
- 4Poziotinib 12 mg: 2016.7.27 ~ 8.12, 8 mg d/t diarrhea: 2016.8.25 ~ 9.6

2016-11-25

2016-07-26 2016-09-06

*E0010402
• Response = PD
• TTP = 57 days
• EOT by diarrhea



Safety

No. Site Name Subject No Report date SAE term
Relationship 

to IP
Outcome Dose modification

Study 
종료

1 건국대학교병원 E0010101 2016-04-04 Oral mucositis
Possibly 
Related

Recovered PZT 8mg No

2 건국대학교병원 E0010101 2016-05-30 Pneumonia
Probably

not related
Recovered - Yes

3 화순전남대학교병원 E0010401 2016-06-27 Colitis
Definitely 

not related
Recovered - No

4 화순전남대학교병원 E0010402 2016-07-11 Herpes zoster
Definitely 

not related
Recovered - No

5 화순전남대학교병원 E0010402 2016-08-16 Diarrhea
Probably 
Related

Recovered
PZT 8mg 2주 투여

1주 휴약
Yes

6 화순전남대학교병원 E0010403 2016-08-16 Diarrhea
Probably 
Related

Recovered PZT 8mg No

7 화순전남대학교병원 E0010404 2016-11-07 Nausea
Probably 
Related

Recovered PZT 8mg No

8 화순전남대학교병원 E0010404 2016-11-25
Pneumatosis
intestinalis

Possibly 
related

Recovered Yes

9 건국대학교병원 E0010102 -
Diarrhea

Skin toxicity
Possibly 
related

Recovered PZT 8mg NoSAE 
아님



55 YO Female

Rt. hemicolectomy
d/t pneumatosis intestinalis (Gr. 4)

*Poziotinib 12 mg start on 2016-10-14
- Diarrhea (Gr. 2)
- Paused d/t nausea (Gr. 3)
- 8 mg restart from 2016-11-8

2016-11-25





Annals of Oncology 2016;27:281–286.



Annals of Oncology 2016;27:281–286.

 For afatinib

• ORR = 18.2%
• DCR = 63.7%
• PFS = 3.9 months



ADC,RUL(2015.2.26) IV(T4N3M1b) - lung to lung, T12, Lt femur, Rt frontal mets
EGFR PNA: wild , ALK IHC(1+)

2015-2-11 2015-2-17



ADC,RUL(2015.2.26) IV(T4N3M1b) - lung to lung, T12, Lt femur, Rt frontal mets
EGFR PNA: wild , ALK IHC(1+)
- 1AP4 : 2015.3.6 ~ 5.7 

2015-2-17

2015-5-21



ADC,RUL(2015.2.26) IV(T4N3M1b) - lung to lung, T12, Lt femur, Rt frontal mets
EGFR PNA: wild , ALK IHC(1+)
- 1AP4 : 2015.3.6 ~ 5.7 
- 2Iressa: 2015.7.27 ~ 9.23

2015-6-22 2015-8-10



ADC,RUL(2015.2.26) IV(T4N3M1b) - lung to lung, T12, Lt femur, Rt frontal mets
EGFR PNA: wild , ALK IHC(1+), ALK FISH(-)
- 1AP4 : 2015.3.6 ~ 5.7 
- 2Iressa: 2015.7.27 ~ 9.23

2015-7-20 2015-9-23



2308 GAA GCA TAC GTG ATG GCT GGT GTG GGC TCC CCA TAT GTC TCC CGC CTT CTG GGC ATC TGC CTG ACA TCC ACG GTG CAG CTG
770 E     A     Y     V    M     A     G V     G     S     P     Y     V    S     R    L     L G     I     C      L     T     S     T     V     Q    L   

2389 GTG ACA CAG CTT ATG CCC TAT GGC TGC CTC TTA GAC CAT GTC CGG GAA GAC CGC GGA CGC CTG GGC TCC CAG GAC CTG CTG
797    V     T     Q     L    M     P    Y     G     C    L     L D     H    V     R     E     D R     G     R     L     G     S     Q    D     L     L

2470 AAC TGG TGT ATG CAG ATT GCC AAG G 
824 N     W    C    M    Q     I     A     K

전남대 3269-15 NGS 결과, N813D (c.2437 A>G)

“G” variant 비율 6.01%

T: 0.8% 비율상 PCR error (background와 유사)

Reference

NGS sequence

Plot Snapshot to Image

HER2 exon20



ADC,RUL(2015.2.26) IV(T4N3M1b) - lung to lung, T12, Lt femur, Rt frontal mets
EGFR PNA: wild , ALK IHC(1+), ALK FISH(-), HER2 N813D (c.2437 A>G)
- 1AP4 : 2015.3.6 ~ 5.7 
- 2Iressa: 2015.7.27 ~ 9.23
- 3Giotrif: 2015.10.6 ~

2015-10-5 2015-10-12

J Korean Med Sci (in press)



ADC,RUL(2015.2.26) IV(T4N3M1b) - lung to lung, T12, Lt femur, Rt frontal mets
EGFR PNA: wild , ALK IHC(1+), ALK FISH(-), HER2 N813D (c.2437 A>G)
- 1AP4 : 2015.3.6 ~ 5.7 
- 2Iressa: 2015.7.27 ~ 9.23
- 3Giotrif: 2015.10.6 ~ 2016.2.

2015-09-23 2015-11-02

J Korean Med Sci (in press)


