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Agenda (~22 minutes of fun)

• Finding oncogene-driven lung cancer
• Choosing between first line agents for oncogenes
• How only 2nd line and beyond agents for some oncogenes are 

trying to get to first line
• Acquired resistance strategies
• Potential paradigm changes – Consolidation, Chemo and 

Antibody Drug Conjugates
• Early-stage cancer use [cf Bunn]



Finding oncogene-driven lung cancer



Standard 1st line management stage IV 
NSCLC: USA 

EGFR clasical
Sensitizing Mt 

ALK 
rearranged

NSCLC

3RD gen EGFR
TKI (osi)

NEXT GEN ALK
TKI (alec/brig)

ROS1 
rearranged

ROS1 TKI 
(criz/entrec)

PDL1 any level
Platinum-doublet
chemotherapy + IO
+/- bev +/- pem
continuation (depending
on histology and label) 

BRAF V600E

BRAF/MEK combo (dabraf/tramet)
FDA licensed June 
2017

PDL1 ≥50% IO

NTRK 
rearranged

NTRK TKI 
(larotrectinib/entrectinib)

FDA licensed 
Nov 2018/August 2019

Other 
actionable
change in 
trials or 
off-label

Egfr
ramu/erlotinib

(May 29th 2020)

MET exon 14
Capmatinib

(May 6th 2020)

RET rearranged
Selpercatinib

(May 8th 2020)
Brigatinib
(May 22nd

2020)
RET rearranged

Pralsetinib
(Sept 4th 2020)

MET exon 14
Tepotinib

(Feb 3rd 2021)

Lorlatinib
(March 3rd

2021)



Standard 2ND line management stage IV 
NSCLC: USA 

NSCLC

Post Platinum-doublet
Whether post PDL1 debatable for 
oncogenes except BRAF and KRAS 
(based on, ANONG OTHER THINGS, 
smoking status)

EGFR exon 20 ins
Amivantamab >1st line

(May 21st 2021)

KRAS G12C
Sotorasib >1st line
(May 28th 2021)

EGFR exon 20 ins
Mobocertinib >1st line

(Sept 15th 2021)

Docetaxel +/- RamuHER2 ins
trastuzumab deruxtecan

>1st line
(Aug 12th 2022)



No single gene testing please
• There are now 12 different molecularly specific FDA approvals in lung cancer (if you count T790M, 

uncommon EGFR mutations and EGFR exon 20 insertions separately from common EGFR mutations) 
covering 9 different genes

• 5 mutations: 
– EGFR, HER2, BRAF V600E, KRAS G12C, MET exon 14

• 4 gene rearrangements:
– ALK, ROS1, RET, NTRK

• - Other oncogenic changes without licensed therapy but still clinically or trial actionable also exist and 
can be found with broad molecular profiling – eg NRG1 rearrangements, MET amplification

• If there is an oncogene in a never smoker ignore the PDL1!
• If you have to start with chemo while waiting, if you suspect an oncogene don’t give IO in Cycle 1



1. Mazieres J et al. Ann Oncol. 2019;30:1321-1328.

Immunotherapy Has Low Efficacy in NSCLC
With Genomic Alterations1

IMMUNOTARGET Registry: Main Results for All Cohorts According to Biomarker Subtype



Occurs 7% cases
Of these:
77% are post –IO

JTO 2022



Single gene testing
• Challenges memory
• Wastes tissue
• Wastes money

• Panel testing is solution
• cfDNA has PPV not NPV but quicker than tissue NGS
• DNA supplemented with RNA extraction increases sensitivity for MET 

exon 14 and gene rearrangements
• NGS variably calls amplification (issue for future approvals not now)



Choosing between first line agents for 
oncogenes



Usually still the oncology basics

• Efficacy>Safety/tolerability>Convenience

But at the end of the day its efficacy and toxicity in 
YOUR patient that matters



LIBRETTO: Selpercatinib

1. Besse B et al. ASCO 2021 Abstract 9065.



ARROW: Pralsetinib

1. Curigliano et al, ASCO 2021



7% with selp
0% with pral





Usually still the oncology basics

• Efficacy>Safety/tolerability>Convenience

For some oncogene subgroups, even this is 
changing 



Confidential and Proprietary Information. Do not distribute.

Side-by-Side and Like-with-Like comparisons: ALEX Alectinib and ALTA-1L Brigatinib 1st line. Progression-
Free Survival Outcomes Within Trials Over Time EQUIVALENT

ALEX: Alectinib vs Crizotinib1

Enrollment: Aug 2014 – Jan 2016

Alectinib
(n=152)1

Crizotinib
(n=151)

PFS (INV), months NR 11.1
HR (95% CI) 0.47 (0.34-0.65)

PFS (IRC), months 25.7 10.4
HR (95% CI) 0.50 (0.36-0.70)

Alectinib
(n=152)2

Crizotinib
(n=151)

PFS (INV), months 34.8 10.9
HR (95% CI) 0.43 (0.32-0.58)

PFS (IRC), months -- --
HR (95% CI) --

Alectinib
(n=152)3

Crizotinib
(n=151)

PFS (INV), months 34.8 10.9
HR (95% CI) 0.43 (0.32-0.58)

PFS (IRC), months -- --
HR (95% CI) --

Median duration of follow-up in experimental arm: 

18.6 
month

s

27.8 
month

s

37.8 
month

s

ALTA-1L: Brigatinib vs Crizotinib7

Enrollment: Apr 2016 – Aug 2017

1st interim 
analysis

Brigatinib
(n=137)7

Crizotinib
(n=138)

PFS (INV), months NR 9.2
HR (95% CI) 0.45 (0.30-0.68)

PFS (IRC), months NR 9.8
HR (95% CI) 0.49 (0.33-0.74)

Median duration of follow-up in experimental arm: 

11.0 
month

s

2nd interim 
analysis

Brigatinib
(n=137)8

Crizotinib
(n=138)

PFS (INV), months 29.4 9.2
HR (95% CI) 0.43 (0.31-0.61)

PFS (IRC), months 24.0 11.0
HR (95% CI) 0.49 (0.35-0.68)

11.0 
month

s

24.9 
month

s

• IRC assessed HR ALEX:ALTA-1L at (closest 
possible) comparable follow up time points: 0.5 and 
0.49

• INV assessed HR: 0.43 and 0.43

• 24 month INV-assessed PFS rate: 57% and 56%

• Median PFS (IRC) point estimate:
ALEX 25.7 and ALTA-1L 24 mo

• Median PFS (INV) point estimate:
ALEX 34.8 (17.7–NE) and ALTA-1L 29.4 mo (21.2–NR)

Peters et al, NEJM 2017; Camidge et al, JTO 2019;
Camidge et al, NEJM 2018; Camidge et al, ESMO ASIA 2019



Primary Endpoint: PFS by BICR

BICR, blinded independent central review; CI, confidence interval; HR, hazard ratio; NE, not estimable; PFS, progression-free survival
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Lorlatinib
(n=149)

Crizotinib
(n=147)

Patients with event, 
n (%) 41 (28) 86 (59)

Median PFS, months 
(95% CI)

NE
(NE–NE)

9.3
(7.6-11.1)

HR 
(95% CI)
1-sided P value*

0.28
(0.19-0.41)

<0.001

*By stratified log-rank test.

12-month PFS rate: 
78% (95% CI, 70–84)

12-month PFS rate: 
39% (95% CI, 30–48)

FDA label extension
March 3rd 2021



All Causality Adverse Events with ≥10% Difference in Frequency

†Cluster term
ALT, alanine aminotransferase; AST, aspartate aminotransferase.

0%10%20%30%40%50%60%70%80%

Lorlatinib (n=149)

Hypercholesterolemia†

Hypertriglyceridemia†

Edema†

Weight increased
Peripheral neuropathy†

Cognitive effects†

Diarrhea
Anemia

Fatigue†

Hypertension
Vision disorder†

ALT increased
Constipation

Mood effects†

Nausea
AST increased

Vomiting
Hyperlipidemia

Dysgeusia
Decreased appetite

Bradycardia
0% 10% 20% 30% 40% 50% 60% 70% 80%

Crizotinib (n=142)

Grade 3-4

Any grade

240lbs 200lbs

“I think 
lorlatinib
should come 
with a 
psychologist.”

ALK + Patient 
Advocate



Takeda Confidential – For use at Brigatinib National Medical Advisory Board Mtg. 
Oct 23, 2020 Only – Further Copying or Distribution is Strictly Prohibited

N=110 ALK+ Stage IV NSCLC
Single institution
mOS = 81 months

Pacheco JM, et al. J Thorac Oncol. 2019;14(4):691-700.

Goals:
Prolonged disease control  | Prolonged life | Good quality of life

ALK+ NSCLC Treatment Goals

20

• No significant difference in OS time between 
patients who received crizotinib first (median 86 
months [n = 40]) and those who received a non-
ALKI systemic therapy before crizotinib (median 79 
months [n = 65]) (p = 0.653)

• Year of diagnosis of stage IV disease (2004–2010, 
2011–2014, and 2015–2017) was not associated 
with OS (p = 0.887)

• The median OS time was 86 months from diagnosis 
of stage IV disease for patients who received a next-
generation ALKI at some point after crizotinib and 
52 months for patients who did not (p = 0.085)



How only 2nd line and beyond agents for some 
oncogenes are trying to get to first line



Path to 1st line

• In absence of other data – Keynote 189 is mental comparator
• If your ORR is 20-40% (ami, mobo, sotorasib) only three paths to 1st line

– Define higher ORR subpopulation
– Combine with something targeted rationally
– Combine with chemo, chemo-io, or io

Hard studies as control arm good 
and delta may be small
Also may be TKI –io combo issues







Future for G12C in 1st line?

• If takes several weeks to manifest – haven’t seen enough adagrasib data 
on combo to compare – if not class effect then await phase III combo 
with ada

• If class effect – look out for 1st line phase IIIs of G12Cin plus chemo vs 
chemo-io in group least likely to miss the IO – ie low PDL1, STK11, KEAP 
1, etc



Acquired resistance strategies



Camidge, Pao, Sequist, 
Nature Reviews Clinical Oncology 2014

Acquired Resistance: Biological



Elephant in the room….

Crizotinib
N=55

L1196M/Q         

G1269A         

C1156Y         

I1171T/N/S         

G1202R         G1202del         

F1174C         

V1180L         S1206Y         

E1210K         

≥2 ALK mutations         

ALK WT         

Ceritinib
N=24

G1202R

Alectinib
N=46

Brigatinib
N=7

amp

G1202R G1202R

Gainor et al. Cancer Discov. 2016;6:1118-1133.
Lin et al. J Clin Oncol. 2018;36:9093

NOT ALL REMAIN
ADDICTED TO 
ALK ALONE
- 2ND DRIVERS!!



Compound mutation







Optimally combining targeted therapies is not a pound cake recipe

Wikipedia:
Pound cake is a type of cake traditionally made with 
a pound of each of four ingredients: flour, butter, eggs, and sugar.

Patient level dose optimization schemes required
“Single patient phase I trials” strongly suggested

-Initial dose/schedule strategy should be based on expected
overlapping toxicities and drug-drug interaction potential

https://en.wikipedia.org/wiki/Pound_(mass)
https://en.wikipedia.org/wiki/Flour
https://en.wikipedia.org/wiki/Butter
https://en.wikipedia.org/wiki/Egg
https://en.wikipedia.org/wiki/Sugar


Potential paradigm changes – Consolidation, 
Chemo and Antibody Drug Conjugates



Takeda Confidential – For use at Brigatinib National Medical Advisory Board Mtg. 
Oct 23, 2020 Only – Further Copying or Distribution is Strictly Prohibited

Works in progress: Maximal cytoreduction/consolidation up front.

One person
One puzzle

Lots of people
Any puzzle
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M14-239 Interim Analysis 4: ORR per Central Review and DoR
Primary efficacy by cohort/group

CI, confidence interval; EGFR, epidermal growth factor receptor; Int, intermediate; MU, mutant; NSQ, non-squamous; DOR duration of response; 
ORR, overall response rate; SQ, squamous; WT, wild-type.

Camidge DR, et al. ASCO 2022; Poster presentation P9016.

O
RR

, %
 (9

5%
 C

I)

0

20

40

60

NSQ
EGFR WT

Cohort

NSQ
EGFR WT

c-Met High

NSQ
EGFR WT
c-Met Int

NSQ
EGFR MU

Cohort

NSQ
EGFR MU

c-Met High

NSQ
EGFR MU
c-Met Int

SQ
Cohort

19/52 12/23 7/29 5/43 5/30 3/270/13

36.5%
(23.6, 51.0)

52.2%
(30.6, 73.2)

24.1%
(10.3, 43.5)

11.6%
(3.9, 25.1)

16.7%
(5.6, 34.7) 11.1%

(2.4, 29.2)

NSCLC Cohort N
# Events / 

# confirmed 
responses 

Median DOR, 
mo (95% CI)

c-Met OE NSQ EGFR WT
c-Met High
c-Met Intermediate

52
23
29

8/19 
5/12
3/7 

6.9 (4.1, –)
6.9 (2.4, –)
– (4.1, –)

c-Met OE NSQ EGFR
mutant

c-Met High
c-Met Intermediate

43
30
13

2/5
2/5
NA

– (3.0, –)
– (3.0, –)

Not applicable

c-Met OE SQ 27 2/3 4.4 (3.0, –)

Primary efficacy analysis set (≥12 weeks follow-up)
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Interim ORR and Best Overall Response
M14-237: Data for Teliso-V + Osimertinib Cohort (N=25)

Goldman J, et al. ASCO 2022; Poster presentation P9013.

*RECIST v1.1; ORR (confirmed responses, all PR); data not mature for duration of response and progression-free survival. † As of December 2021, 25 patients enrolled,
19 with available RECIST assessment. ‡ c-Met IHC score <25% 3+, n=1. †G719S mutation, n=1.
EGFR, epidermal growth factor receptor; IHC, immunohistochemistry; Int, intermediate; ORR, objective response rate; Osi, Osimertinib; PR, partial response;
RECIST, Response Evaluation Criteria in Solid Tumors; Teliso-V, telisotuzumab vedotin.

Category N
ORR, * n (%)

[95% CI]

Teliso-V dose
1.6 mg/kg
1.9 mg/kg
Total

7
12
19†

3 (43) [10, 82]
8 (67) [35, 90]

11 (58) [34, 80]

c-Met level
High (≥50%, 3+ staining)
Int (25-49%, 3+ staining)
Total

10
8

18†

5 (50) [19, 81]
5 (63) [25, 92]

10 (56) [31, 79]

EGFR mutation
L858R
Del19
Total

9
9

19†

5 (56) [21, 86]
6 (67) [30, 93]

11 (58) [34, 80]

Last prior regimen
Contained Osi
Did not contain Osi
Total

8
11
19

4 (50) [16, 84]
7 (64) [31, 89]
11 (58) [34,80]

Response
c-Met Scores



MET+ Acquired 
resistance

MET-ve cells emerge when 
stop OSI

Teliso V action

No Teliso V action

PD on OSI when stop OSI



MET+ Acquired 
resistance

Teliso V action

PD on OSI when keep OSI going

Met –ve cells suppressed
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ADCs in 2L+ EGFR wt NSCLC (+/- CDx/patient identification)

• P1/2, cohort 2: HER3-ADC (patritumab deruxtecan, payload ≈ 8) in 
2L+ EGFRwt NSCLC, post IO + chemo or targeted therapy 
[Abstract #9017]

• ORR = 27% (EGFRwt), 29% (EGFRwt, w/ other driver mut)
o ORR for EGFRm: 39% (reported at ASCO 2021)

• mPFS = 5.4mos (EGFRwt) 
• Gr3+ TRAEs 72%; discontinuation 11%; ILD 11% (no Gr3+)
• Future development in 2L EFGRm, NSCLC post TKI: 

o Single arm P2 [HERTHENA-Lung01] readout expected in H2 
2023. 

o P3 [HERTHENA-Lung02] readout expected in H2 2024

• P1/2 (N=64) follow-up data, tusamitamab ravtansine (CEACAM-5 
ADC, payload ≈ 3.8) in 2L+ nsq NSCLC CEACAM5 +
[Abstract #9039]

• Efficay:11 pts treated ≥ 12 mos have ORR 64% (irrespective 
CEACAM expression level)
o ORR = 20% (ASCO 2020) in CEACAM high expressers in 2L+ 

NSCLC. 
• Safety is challenging: 11 pts treated ≥ 12 mos, Gr3+ is 73%, ocular 

AE 45.5% (Gr3+); 
o Gr3+ in all pts was 48% (ASCO 2020). 

• Phase 3 CARMEN-LC03 is ongoing (PFS and OS are co-primary 
endpoints

Modest efficacy in 2L+ and challenging safety profile
Future development is focused on EGFRm in the 2L 

post EGFR TKI NSCLC given increased ORR

Camidge theory:
If HER3 not enriched in Acquired Resistance 
but lineage marker, Patri+Osi (ongoing) 
wont bump ORR like Teliso V combo did

ORR of 39% vs 11% with monotherapy in AR
Setting suggests it’s a lineage marker

https://meetings.asco.org/abstracts-presentations/208939
https://meetings.asco.org/abstracts-presentations/212850


Questions?  
Ross.Camidge@cuanschutz.edu

Devil’s Thumb Ranch, Colorado 2020

mailto:Ross.Camidge@cu


Early-stage cancer use



Primary endpoint: DFS (ITT population)

Presented By Yi-Long Wu at 2017 ASCO Annual Meeting CTONG 1104



3 year therapy.
Median follow up
for disease-free survival 
22.1 months osimertinib 
group and 14.9 months 
placebo group.
= 61% patients on
therapy at time 
of analysis

Label does not 
mention stage
so appears to 
include IB-IIIA



Targeted adjuvant approach - controversy

• Some patients already cured (true for all adjuvant indications)
• No OS benefit shown yet

– ‘Surely huge DFS will equal OS benefit..’
– ‘Do we even need chemo?’
– ‘What if not cured and issues when stop drug…’
– Middle ground – the Oncology Time Machine benefit…



The oncology time machine of 
adjuvant TKIs

• If no change in cure rate
• Can there still be an OS advantage?
• Beyond access differences in trial vs real world among 

participants
– ?still advantage to ‘deal with this later’ – use as ‘oncology time 

machine’ to re-emerge when medicine more advanced?

– PD after adjuvant therapy stopped not likely acquired resistance if 
many months have passed before disease emerges

– Likely there are people we should NOT stop drug in (upfront long-
term therapy of microscopic metastatic disease?)

Camidge. The magic of ADAURA? JTO 2022



2019


