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Introductions





Case Presentation:

52 yr old female 

Symptoms (months):

• Headaches

• Light/dark sensitivity

• Chronic dry cough

MRI: 

• Enhancing dural mass

Differential Dx: 

• Tumor

• Meningioma

• Lymphoma

• Metastasis 

• Primary CNS tumor

• Granuloma

• Sarcoidosis

• Tuberculosis

• Chronic meningitis

• Wegener’s



Case presentation:

Brain biopsy:



Case Presentation

Follow-up imaging studies

• 5 cm lung mass

• Additional masses:

• Lung (x2), liver (x2), bone

Non-small Cell Lung Cancer, Stage IV



Lung Cancer is Bad

Survival @ 18 months:

• Stage I: 49 – 65% 

• Stage II: 39 - 55%

• Stage III: 4 – 15%

• Stage IV: 1%

Median survival:

• Stage I/II: 17 – 32 months

• Stage III: 9 - 22  months

• Stage IV: 16 – 36 weeks

Van Gogh, 1885

http://whyquit.com



Lung Cancer is Bad for society
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It is getting better…slightly

2017: 1.88 M deaths 2020: 1.79 M deaths

Sung, et al., CA Cancer J Clin, 2021



It is getting better

SEER, NIH website, accessed 1/10/22



It is getting better

SEER, NIH website, accessed 1/10/22



Return to Case:

History:

• Never smoked

• Course:

• 4/01: Carboplatin-Paclitaxel

• Response for 6 wks

• Progression by 12/01

• 12/01: Cetuximab (Erbitux)

• Stabilization for 4 mos

• Progression by 7/02

• 8/02: Gefitinib (Iressa)

• Sustained response for 30 mos

• Relapse in 2/05

8/02

5/03

2/05



What is EGFR and why target it?

13

Oda, et al., Molec Systems Biol, 2005



EGFR signaling simplified:

Ligand binds

Receptor Dimerization 

Phosphorylation

Downstream signaling

• RAS→RAF→ERK

• JAK→STAT

• PIK3CA→AKT→mTOR

Cells proliferate, survive

Very commonly overexpressed in human carcinomas
14



IHC

Study or Subgroup

5.2.1 Response

Bell DW 2005

Douillard JY 2010

Endo K 2006

Lara-Guerra H 2009

Massarelli E 2007

Sequist LV 2008

Takano T 2005

Zhu CQ 2008

Subtotal (95% CI)

Total events

Heterogeneity: Tau² = 0.27; Chi² = 13.71, df = 7 (P = 0.06); I² = 49%

Test for overall effect: Z = 1.27 (P = 0.20)

5.2.3 Disease Control

Argiris A 2006

Endo K 2006

Lara-Guerra H 2009

Massarelli E 2007

Subtotal (95% CI)

Total events

Heterogeneity: Tau² = 0.24; Chi² = 5.85, df = 3 (P = 0.12); I² = 49%

Test for overall effect: Z = 1.45 (P = 0.15)

5.2.4 Survival at 1 year

Endo K 2006

Subtotal (95% CI)

Total events

Heterogeneity: Not applicable

Test for overall effect: Z = 1.03 (P = 0.31)

5.2.5 Survival at 5 year

Endo K 2006

Subtotal (95% CI)

Total events

Heterogeneity: Not applicable

Test for overall effect: Z = 0.28 (P = 0.78)

Total (95% CI)

Total events

Heterogeneity: Tau² = 0.17; Chi² = 24.49, df = 13 (P = 0.03); I² = 47%

Test for overall effect: Z = 1.60 (P = 0.11)

Test for subgroup differences: Chi² = 3.39, df = 3 (P = 0.34), I² = 11.5%

Events

2

10

1

4

4

11

29

6

67

3

1

14

9

27

3

3

6

6

103

Total

7

77

4

20

32

22

66

28

256

4

4

20

32

60

10

10

10

10

336

Events

12

6

10

0

1

3

37

3

72

8

15

5

4

32

66

66

74

74

244

Total

79

80

18

14

27

7

66

63

354

28

18

14

27

87

133

133

133

133

707

Weight

5.4%

7.8%

3.3%

1.4%

2.4%

7.9%

15.8%

5.2%

49.3%

9.4%

3.5%

10.0%

6.9%

29.8%

7.8%

7.8%

13.1%

13.1%

100.0%

M-H, Random, 95% CI

1.88 [0.52, 6.78]

1.73 [0.66, 4.53]

0.45 [0.08, 2.58]

6.43 [0.37, 110.65]

3.38 [0.40, 28.42]

1.17 [0.45, 3.02]

0.78 [0.55, 1.11]

4.50 [1.21, 16.72]

1.44 [0.82, 2.53]

2.63 [1.16, 5.93]

0.30 [0.05, 1.66]

1.96 [0.92, 4.19]

1.90 [0.66, 5.48]

1.68 [0.83, 3.37]

0.60 [0.23, 1.58]

0.60 [0.23, 1.58]

1.08 [0.64, 1.83]

1.08 [0.64, 1.83]

1.33 [0.94, 1.90]

High Low Risk Ratio Risk Ratio

M-H, Random, 95% CI

0.02 0.1 1 10 50

High Low

FISH

How to test for EGFR?

Molecular Diagnosis!

Study or Subgroup

5.9.1 Response Rate

Ahn MJ 2008

Cappuzzo F 2007

Douillard JY 2010

Endoh H 2006

Hirsch FR 2007

Kim KS 2005

Lara-Guerra H 2009

Miller VA 2008

Sholl LM 2010

Tiseo M 2010

Subtotal (95% CI)

Total events

Heterogeneity: Tau² = 0.30; Chi² = 18.55, df = 9 (P = 0.03); I² = 51%

Test for overall effect: Z = 1.55 (P = 0.12)

5.9.3 Disease Control

Ahn MJ 2008

Argiris A 2006

Endoh H 2006

Hirsch FR 2007

Lara-Guerra H 2009

Sholl LM 2010

Subtotal (95% CI)

Total events

Heterogeneity: Tau² = 0.00; Chi² = 3.48, df = 5 (P = 0.63); I² = 0%

Test for overall effect: Z = 3.86 (P = 0.0001)

5.9.4 Survival at Year 1

Hirsch FR 2007

Subtotal (95% CI)

Total events

Heterogeneity: Not applicable

Test for overall effect: Z = 2.40 (P = 0.02)

Test for subgroup differences: Chi² = 0.06, df = 2 (P = 0.97), I² = 0%

Events

13

13

11

18

26

5

4

5

4

11

110

30

6

20

62

18

10

146

67

67

Total

54

23

122

26

120

18

29

25

13

45

475

54

20

26

120

29

13

262

120

120

Events

7

4

6

6

4

1

0

8

6

1

43

10

4

13

22

1

9

59

30

30

Total

21

11

38

26

80

12

6

39

18

14

265

21

15

26

80

6

18

166

80

80

Weight

14.1%

13.0%

12.3%

14.4%

11.3%

4.7%

2.7%

11.5%

11.0%

5.0%

100.0%

19.4%

4.3%

26.1%

32.0%

1.5%

16.6%

100.0%

100.0%

100.0%

M-H, Random, 95% CI

0.72 [0.33, 1.56]

1.55 [0.66, 3.67]

0.57 [0.23, 1.44]

3.00 [1.42, 6.33]

4.33 [1.57, 11.94]

3.33 [0.44, 25.10]

2.10 [0.13, 34.66]

0.97 [0.36, 2.65]

0.92 [0.32, 2.62]

3.42 [0.48, 24.23]

1.48 [0.90, 2.44]

1.17 [0.70, 1.94]

1.13 [0.38, 3.29]

1.54 [0.99, 2.38]

1.88 [1.26, 2.79]

3.72 [0.61, 22.79]

1.54 [0.89, 2.67]

1.55 [1.24, 1.94]

1.49 [1.08, 2.06]

1.49 [1.08, 2.06]

High Low Risk Ratio Risk Ratio

M-H, Random, 95% CI

0.05 0.2 1 5 20

High Low

Study or Subgroup

1.13.2 Advanced or predominantly advanced

Ahn MJ 2008

Bell DW 2005

Cappuzzo F 2007

Carlson JJ 2009 (1)

Chou TY 2005

Cortes-Funes H 2005

Endoh H 2006

Han SW 2005

Hirsch FR 2007

Hotta K 2007

Hsieh MH 2006

Inukai M 2006

Jackman DM 2007

Janne PA 2006

Jian G 2010

Kawada I 2008

Lara-Guerra H 2009

Massarelli E 2007

Miller VA 2008

Oshita F 2006

Park SH 2009

Satouchi M 2007

Sequist LV 2007

Soh J 2007

Sutani A 2006

Taron M 2005

Tiseo M 2010

Uramoto H 2006

Wang Z 2008

Xu JM 2009

Yang CH 2008

Subtotal (95% CI)

Total events

Heterogeneity: Tau² = 0.14; Chi² = 46.91, df = 28 (P = 0.01); I² = 40%

Test for overall effect: Z = 13.73 (P < 0.00001)

1.13.4 Localized

Lara-Guerra H 2009

Uramoto H 2006

Subtotal (95% CI)

Total events

Heterogeneity: Tau² = 0.00; Chi² = 0.19, df = 1 (P = 0.66); I² = 0%

Test for overall effect: Z = 3.90 (P < 0.0001)

1.13.5 Mixed

Cohen V 2010

Endo K 2006

Kim KS 2005

Kondo M 2005

Shaw AT 2009

Takano T 2005

Subtotal (95% CI)

Total events

Heterogeneity: Tau² = 0.00; Chi² = 3.30, df = 5 (P = 0.65); I² = 0%

Test for overall effect: Z = 6.64 (P < 0.00001)

Total (95% CI)

Total events

Heterogeneity: Tau² = 0.11; Chi² = 53.66, df = 36 (P = 0.03); I² = 33%

Test for overall effect: Z = 15.72 (P < 0.00001)

Test for subgroup differences: Chi² = 2.84, df = 2 (P = 0.24), I² = 29.5%

Events

14

6

15

0

17

6

22

11

17

3

20

3

3

9

20

9

4

5

21

10

3

20

15

0

21

16

9

7

9

23

38

376

6

2

8

9

9

6

4

16

32

76

460

Total

24

13

24

0

33

10

27

17

43

17

30

3

9

11

22

18

15

7

28

11

3

28

28

0

27

17

11

9

15

32

55

587

6

3

9

40

11

6

4

23

39

123

719

Events

11

6

3

0

4

6

2

10

8

3

2

3

2

1

6

1

7

2

19

2

1

7

0

0

9

6

5

2

3

10

7

148

9

0

9

5

2

2

0

3

3

15

172

Total

68

61

13

0

21

68

25

73

114

43

33

5

28

15

66

18

101

64

63

14

17

63

31

0

62

48

52

11

9

74

35

1295

29

3

32

60

11

21

8

23

27

150

1477

Weight

4.6%

2.8%

2.5%

2.9%

3.0%

1.7%

4.4%

3.8%

1.4%

1.7%

3.8%

1.2%

0.9%

3.7%

0.9%

2.3%

1.5%

6.3%

1.8%

1.3%

4.0%

0.5%

4.6%

3.8%

3.2%

1.8%

2.6%

4.8%

4.3%

82.5%

5.2%

0.5%

5.7%

2.6%

1.8%

2.1%

0.5%

2.4%

2.4%

11.8%

100.0%

M-H, Random, 95% CI

3.61 [1.91, 6.83]

4.69 [1.80, 12.26]

2.71 [0.96, 7.66]

Not estimable

2.70 [1.05, 6.94]

6.80 [2.72, 17.00]

10.19 [2.66, 38.95]

4.72 [2.41, 9.27]

5.63 [2.63, 12.09]

2.53 [0.57, 11.32]

11.00 [2.80, 43.15]

1.50 [0.69, 3.24]

4.67 [0.92, 23.67]

12.27 [1.81, 83.20]

10.00 [4.61, 21.69]

9.00 [1.27, 63.89]

3.85 [1.28, 11.59]

22.86 [5.40, 96.69]

2.49 [1.61, 3.83]

6.36 [1.74, 23.27]

10.50 [2.17, 50.79]

6.43 [3.08, 13.43]

34.21 [2.14, 546.42]

Not estimable

5.36 [2.83, 10.13]

7.53 [3.53, 16.07]

8.51 [3.53, 20.49]

4.28 [1.16, 15.72]

1.80 [0.65, 4.95]

5.32 [2.87, 9.85]

3.45 [1.74, 6.86]

4.86 [3.88, 6.09]

2.93 [1.67, 5.16]

5.00 [0.34, 74.52]

3.00 [1.73, 5.21]

2.70 [0.98, 7.47]

4.50 [1.25, 16.25]

8.17 [2.50, 26.73]

16.20 [1.08, 243.36]

5.33 [1.79, 15.85]

7.38 [2.52, 21.68]

5.30 [3.24, 8.67]

4.76 [3.92, 5.78]

Mutant No Mutant/ Wild type Risk Ratio

(1) Carlson: Stage IIIb/IV: HR: 5.45 (4.37, 6.79), Mutant vs wild type

Risk Ratio

M-H, Random, 95% CI

0.002 0.1 1 10 500

Mutant No Mutant/ Wild type

Mol Dx

15



Why test at all?

Empiric therapy is not harmless



But wait…

… there’s MORE!

17

ALK rearrangement predicts crizotinib response

Crizotinib and ALK FISH both approved by FDA, 2011



ALK rearrangement
First report: Soda, et al, Nature, 2007

Typical : Inversion on 2p

• EML4-ALK fusion

• Rare Chromosomal variants

• KIF5B-ALK, TFG-ALK

Activates ALK kinase

~5% of lung adenocarcinomas

Therapy: crizotinib

Trivia: More patients have EML4-ALK lung cancer than NPM-ALK lymphoma!



2013: Practice guideline for EGFR and ALK



2017:

EGFR/ALK not the whole story

Awad, et al., JCO 2016





What other genes should be tested in 

lung adenocarcinoma?

ROS1: 1-2%  rearrangement

RET: 1-2% rearrangement

BRAF: 4% mutation  half are non-V600E

MET: 3%  exon 14 skipping mutations, amplification

ERBB2/ HER2: 2% mutation

KRAS: 30%  mutation



ABRUPT AND JARRING FORMAT CHANGE



Abrupt and jarring format change



New in 2018: ROS1

•Clinical utility

– ROS1+ tumors respond to crizotinib

– RR 70-80%

– Phase I, I/II, II trials

– No Phase III

•Oncologists treat with crizotinib

– Oncologists use ROS1 testing

•Crizotinib approved by FDA 

– ALK+, ROS1+ lung cancers



New in 2018: ROS1

•Methodology

– Adenocarcinomas, but no sensitive clinical predictors

– No designated companion diagnostic

– FISH is predicate method

– Immunohistochemistry (IHC) for screening; confirm + with FISH

– RNA methods (RT-PCR, anchored multiplexed PCR)

– Next generation DNA sequencing

Cha, et al., PLoS One, 2014



Others: RET, BRAF, ERBB2, KRAS, MET

•As with EGFR, ALK, ROS1, typically mutually exclusive

•Adenocarcinomas, but no sensitive clinical predictors

•Clinical trials and/or potential drugs for each: 

– RET: cabozantinib, vandetinib

– BRAF: vemurafenib, dabrafenib, +/- trametinib

– ERBB2/HER2: ?pulsed afatinib?, ?neratinib?, ?dacomitinib?

– KRAS:  trametinib, selumetinib

– MET:  crizotinib

•Limited evidence for clinical utility (Case reports & small series*)

• Not recommended as single tests for lung cancer patients

• If a large panel is being performed, include these

• If ALK, EGFR, ROS1 all negative, include these



KQ II. Is immunohistochemistry 
reliable for ALK translocations?

Wynes, et al., JTO, 2014



KQ II. Is immunohistochemistry 
reliable for ALK translocations?

YES



KQ II. Is immunohistochemistry 
reliable for ALK translocations?

• Numerous studies showed excellent concordance

• Discordances seen in both directions

– both FISH and IHC can be either false negative or positive

• No scientific need to perform both methods

• Do NOT use the ALK1 antibody developed for Anaplastic Lymphoma



KQIII: Testing in acquired resistance

•EGFR:  all about T790M, and ultrasensivity

–T790M responds to specific inhibitor

–Relapsed specimens are heterogeneous

–Recommended cutoff is 5% mutant alleles

–Circulating cell-free DNA may be superior*

• ALK:  unclear value of identifying resistance mutations Janne, NEJM, 2015

Yu, Clin Cancer Res, 2013

Zhang, et al., , Clin Cancer Res 2016; 22(22): 5527-38



KQ IV.  Test squamous or small cell 
carcinomas?

•Small cell carcinomas:  No

•Squamous cell carcinomas:  Maybe

– “Squamous carcinoma genes”: FGFRs, DDR2

• Insufficient evidence to support for/against testing

– “Adenocarcinoma genes”: EGFR, ALK, ROS1

• If clinical or pathologic features are “high risk”

– Can’t exclude unsampled adenocarcinoma histology

– Young patient

– No history of tobacco use

– Other therapies: EGFR antibodies, immunotherapy

1 cycle 

gemcitabine/cisplatin

Switch to 

crizotinib

Images courtesy of Erick 
Bernicker, MD



KQ V. What is the role of testing cell-
free DNA or circulating tumor cells?

•Initial diagnosis:

– Appropriate when tissue testing unavailable

• No adequate sample

• Patient cannot undergo biopsy

•Monitoring on therapy:

– Very exciting and very unproven

– Cannot recommend at this time

•Acquired resistance:

– Appropriate alternative to tissue testing

• Sensitivity poor, specificity high

• Treat if plasma positive

• Biopsy and test tissue if plasma negative
Newman, et al., Nature Med 2014



KQ VI: What is the role of sequencing 
panels in lung cancer?

•2013: insufficient evidence to support NGS panels

•2018: NGS panels preferred over single gene tests

– Single gene methods still acceptable, provided TAT met

– Results returned quicker

– Spares sample, which is often limiting

– Enables expanded testing beyond EGFR, ALK, ROS1

• Help patients find appropriate clinical trials

•TAT recommendation:  two weeks, for all testing



Not a KQ, but should have been:  What 
is the role of PD-1/PD-L1 IHC?

•Pulling up lame: Out of scope for us

– Wrong panel constituency to assess this properly

– Not included in initial search or data evaluation tools

– Incorporating it would entail a near-restart and a 1+ yr delay

– Another project is addressing this in a broader disease context

•Non-evidence based opinion

– Immune checkpoint therapies are proven effective in lung cancer

– Test methods, in a global sense, are not yet established

• IHC: PD-1, PD-L1, CTLA-4, with multiple different antibodies

• Tumor lymphocytes, mutational load, neoantigen expression

•Some agents require specific tests to determine eligibility

•Opinion: for now, use the tests required for the agents being considered 



2021: Time for a new guideline



Landscape evolution

KRAS
34.6%

EGFR
22.3%

BRAF
5.6%

MET
4.9%

ERBB2
3.0%

ALK
2.7%

RET
1.5%

NRAS
1.2%

ROS1
1.0%

MAP2K1
0.8%

FGFR1
0.7%

NRG1
0.3%

NTRK1
0.2% NTRK2

0.0%
NTRK3
0.0%

N/A
21.1%

Prevalence of Mutations in NSLC, BWH/DFCI Oncopanel 2012-2021



Treatment evolution:

BRAF inhibitor approved

NTRK inhibitor approved

T790M inhibitor now first line

RET inhibitor approved

MET inhibitor approved

Inhibitor for EGFR exon 20 insertions

Immune therapies exploded

KRAS G12C inhibitors

Coming: ERBB2 conjugates

Planchard, ESMO, 2017

Soria, et al., NEJM, 2018Koski, 2018

Demetri, ESMO 2018



KRAS G12C in NSCLC
•Creates a novel binding pocket

•Clinical utility:  G12C mutation and sotorasib, adagrasib

• Inhibitors uniquely designed for this exact mutation

-Hong, et al., NEJM, 2020

sotorasib: 

response rate 32%

disease control 88%



KRAS Mutations in NSCLC

•Useful to “rule out” other less common alterations

– Mutually exclusive with other driver alterations

– ~30% of lung adenocarcinomas

– Simple and widely available single gene assays

– Many cannot distinguish G12C from others, however



BRAF V600E mutations

•Clinical utility:  response to BRAF+MEK inhibition

Subbiah, et al., Lancet Oncol, 2020

Planchard, et al., Lancet Onc, 2017 

Single target response less impressive

Planchard, et al., Lancet Onc, 2016 



Other BRAF mutations

•Class I:  activating, as monomers→ readily inhibited

•Class II:  activating, require dimerization

•Class III:  kinase null, but activate through other mechanisms

•Typically co-occur with RAS activating alterations

Dagogo-Jack, et al., Clin Cancer Res, 2019



ERBB2 (HER2)

Critical gene in breast cancer

• Amplification (FISH) or overexpression (IHC)

• Responds to treatment with trastuzumab

Different role in lung cancer

• Mutations, typically insertions in exon 20

– Amplifications do occur as well

• FISH, IHC are not useful for lung cancer

•

Kris, et al., Ann Oncol, 2015

Besse, et al., Ann Oncol, 2014

Chuang, et al., JTO 2017



ERBB2 (HER2)

Clinical Utility

• Do not respond to therapeutic antibodies

– Treatment with TKIs disappointing

– Trastuzumab conjugates (toxic payload) maybe promising

Kris, et al., Ann Oncol, 2015

Besse, et al., Ann Oncol, 2014

Chuang, et al., JTO 2017

Response rate: 12%

TopoI inhibitor

Response rate: 61%

Kris, et al., Ann Oncol, 2015

Smit. et al., World Lung, 2021 Hotta, et al., JTO, 2018

Microtubule inhibitor

Response rate: 7%

Mazieres., Ann Oncol, 2016



RET

•Characteristic mutations in thyroid cancer

– Mutations in MEN II syndrome, medullary carcinoma

– RET/PTC fusions in papillary carcinoma

•Overlapping alterations in lung cancer

– Multiple fusions, including KIF5B, CCD6, NCOA4

Platt, et al., BMC Cancer, 2015

Ackerman, et al., Onco 
Targets Ther 2019

Oxnard, IASLC, 2018

Radonic, JTO, 2021



RET methodology

•Challenging!
– Discovered by DNA NGS

– FISH and IHC can be challenging

– RT-PCR may be best

Platt, et al., BMC Cancer, 2015

Ackerman, et al., Onco 
Targets Ther 2019

Radonic, JTO, 2021

Yang, Clin Cancer Res, 2021



RET

•Response to TKIs:

– Broad TKIs: ~30-50% ORR, PFS 5-8 mos

– Selective RET TKIs: 50-70% ORR, PFS 18.4mos

Platt, et al., BMC Cancer, 2015

Ackerman, et al., Onco 
Targets Ther 2019

Drilon, NEJM, 2020Gainor, Lancet Onc, 2021

Drilon Lancet Onc, 2016

Pralsetinib: 61% response Selpercatinib: 64% response  



MET

•Clinical utility - a complicated story…

–MET copy gain first seen in who relapsed on anti-EGFR therapy

• Confusion : “copy gain” vs “amplification”

• Can co-exist with other oncogene mutations

–MET inhibitors were developed (crizotinib), but didn’t work in general

• Rare “true” MET amplification does respond to crizotinib (~40% rr)

Awad, et al., JCO, 2016

Cappuzzo, Ann Onc, 2009

Camidge, JTO, 2021



MET

•Clinical utility – fast forward…

–NGS discovers mutations affecting splicing of exon 14

• Common: ~3% of lung cancers

• exon 14 skipping mutations do respond to targeted inhibitors

• Methodology:  many choices still, but RNA favored

Awad, et al., JCO, 2016

Drilon, Clin Cancer Res, 2016 Wolf, NEJM, 2020



Rare mutations

•Insufficient evidence for review in 2018:

–NTRK1,2,3 fusions in all solid tumors

–Specific Trk inhibitors

–NRG1 fusions

– ~30% in mucinous tumors

–Ligand for HER3

–Anti-HER3 anitbodies?

–FGFR1,2 amplification

– disappointing

Drilon, NEJM, 2018

Drilon, Cancer Disc, 2018

Ng, Clin Lung Cancer, 2018



New issues with old genes

EGFR

• 3rd generation inhibitors in first line

• Novel resistance mechanisms

• Early stage disease

• Exon 20 insertion therapies

ALK

• Secondary resistance



New issues with old genes

EGFR

• Third generation inhibitors now used in first line

• Covalently binds EGFR, rather than competing with ATP

Ramalingam, NEJM, 2020

Overall survival

1st gen: 31.8 mos

3rd gen: 38.6 mos

Recall slide 7:

placebo: 6 mos



New issues with old genes

3rd Gen EGFR inhibitors in first line

• New profile for secondary resistance

• Requires broad-spectrum technology, or multiple assays

Leonetti, BJC, 2019



New issues with old genes

EGFR inhibition in early stage disease

Herbst, ASCO, 2020



New issues with old genes

EGFR exon 20 insertions

• Resistant to first, second, and third generation inhibitors

• New drugs: 

Plieth, World Lung, 2021

Amivantamab: 

bispecific antibody (EGFR-MET)

ORR 40%, PFS 8.3 mos

Mobocertinib: 

specialized TKI

ORR 26%, PFS 7.3 mos



New issues with old genes

ALK resistance mutations

• Different inhibitors have different sensitivity profiles

• More analogous to BCR-ABL than to EGFR

• Also: ALK amplification, bypass, epigenetics

Lin, Europe PMC, 2017

Notable mutations
L1196M “gatekeeper”

blocks sterically likeT790M

G1269A

also steric hindrance

G1202R “solvent front”

adjacent to binding site

alter binding affinity



Influential passengers

STK11 (aka LKB1): 

• causes Peutz-Jeghers in germline

• Impairs response to PD1 blockade in KRAS mutant cancer

PIK3CA

• Often co-exist with other targetable mutations

• Treatment under investigation

Sikouldis, Cancer Disc, 2018



Expansion of “liquid biopsy”

Early detection

• Screening?

• Avoid biopsy?

Monitoring

• Indication of response?

• Resistance mechasnisms?

Guibert, Eur Resp Rev, 2020



Other cancers

We test for variants in <1% of adenocarcinomas

EGFR mutation is seen in ~5% of squamous 

carcinomas

Not great evidence about treatment response yet

Jin, Front Oncol, 2021




