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Lung Cancer Case 

• 63 year-old woman, 
never smoker, presents 
with shortness of breath 
to the emergency 
department. 

• Found to be hypotensive 
with oxygen saturation of 
89%. 

• Chest x-ray with large 
pleural effusion 

• Bedside echocardiogram 
with pericardial 
tamponade 



Lung Cancer Case 

• Patient undergoes pericardiocentesis and 
thoracentesis with improvement of symptoms, 
oxygen saturation and blood pressure. 

• Cell block reveals lung adenocarcinoma (CK7+, 
TTF1+, PD-L1 expression 20% (22C3)) 

• MRI brain with three 3-5 mm brain lesions 

• PET CT with metastatic disease to lung, lymph 
nodes, bone, pleura and adrenal gland 



Lung Cancer Case 

Question 1: The patient has Stage IV NSCLC-adenocarcinoma. Her 
symptoms have improved and she is discharged from hospital. She still 
has some dyspnea on exertions (PS=1). She has small asymptomatic brain 
metastasis. 
 
What is your next step? 
1. Send molecular testing (NGS panel for > 300 genes (turnaround time 

2-3 weeks)? 
2. Sent targeted panel (EGFR-mut PCR, ALK FISH, ROS1 FISH, BRAF PCR) 

with turnaround time for FISH 48 hours and PCR 1 week? 
3. Start carboplatin-pemetrexed-pembrolizumab. 
4. Start carboplatin-pemetrexed 
5. Start erlotinib 
6. Start whole brain radiation 



Lung Cancer Case 

Since the patient was symptomatic, a targeted panel 
was sent. ALK FISH returned in 2 days and was positive. 

 

Question 2: What ALK TKI do you start? 

1. Crizotinib 

2. Alectinib 

3. Ceritinib 



Crizotinib (1st generation ALK inhibitor) 

PROFILE 1007 PROFILE 1014 

Solomon BJ, et al. NEJM 2014 

Shaw AT, et al. NEJM 2013 



Median follow-up ~46 months in both 
arms 

HR  0.760 (95%CI: 0.548, 1.053);a 

P=0.0978 
 

Crizotinib 
(N=172) 

Chemothe
rapy 

(N=171) 

Deaths, n (%) 71 (41.3) 81 (47.4) 

Median OS (95% CI), 
months 

NR (45.8, 
NR) 

47.5 (32.2, 
NR) 
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+ Censored 

No. at risk 
         Crizotinib 
         Chemotherapy 

4 year OS rate 
Crizo: 56.6% 

Chemo: 49.1% 

a2-sided p-value from the log-rank test stratified by ECOG PS, race, brain metastases 
Mok T, et al. ESMO 2017. Abstract LBA50. 

PROFILE 1014: Final primary OS analysis (ITT 
population) 

Rank-Preserving Structural Failure Time Model 
Adjusted For Crossover 

HR = 0.346 (95% bootstrap CI: 0.081, 0.718)  



Ceritinib – ASCEND 4 

Soria JC, et al. Lancet 2017 



ALEX Study: Alectinib vs Crizotinib in 
ALK+ NSCLC 

Shaw A et al. Proc. ASCO 2017 

KEY ELIGIBILITY 

● ALK+ by central 

IHC testing 

● Advanced or 

metastatic ALK+ 

NSCLC 

● Treatment-naïve 

● ECOG PS 0−2 

● Measurable 

disease 

● Asymptomatic 

brain metastases 

allowed 

Alectinib 

600 mg BID PO  

 

Crizotinib 

250 mg BID PO 

 

ENDPOINTS 

● Primary 

– PFS (RECIST 

1.1), by 

investigator 

review 

● Secondary 

– PFS by IRC 

– Time to CNS 

progression 

– ORR, DOR 

– OS 

– Safety and 

tolerability 

– Patient-reported   

outcomes 
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Stratification 

factors:  

• ECOG PS (0/1 

vs 2)  

• Race (Asian vs 

non-Asian)  

• Brain metastases 

(present vs 

absent)  



ALEX : Primary end points (PFS) & Activity in  
CNS Metastases  

Shaw A et al. ASCO 2017,  

Peters, S. et al NEJM 2017 

 

0 

20 

40 

60 

Alectinib 

100 

1 3 6 9 12 15 18 21 24 27 30 

Crizotinib 

Months 

151 132 104 84 65 46 35 16 5 

152 135 113 109 97 81 67 35 15 3 

Crizotinib 

Alectinib 

No. at Risk 

80 

P
ro

g
re

s
s

io
n

-f
re

e
 S

u
rv

iv
a

l 
(%

) 

Day 

Crizotinib 
(N=151) 

Alectinib  
(N=152) 

Patients with 
events, n (%) 

102 (68) 62 (41) 

Median PFS, 
months  
(95% CI) 

11.1 
(9.1–13.1)  

NE 
(17.7–

NE) 

HR  
(95% CI) 
P-value (log-rank 
test) 

0.47  
(0.34–0.65) 
P<0.0001 

PFS 

Time to CNS 
Progression 

Crizotinib 
(N=151) 

Alectinib  
(N=152) 

Patients with 
events, n (%) 

66 (45) 18 (12) 

Median PFS, 
months  
(95% CI) 

11.1 
(9.1–13.1)  

NE 
(17.7–

NE) 

HR  
(95% CI) 
P-value (log-rank 
test) 

0.16 
(0.10-0.28) 
P<0.0001 



Next generation ALK TKIs have 
distinct side effect profiles 

 
Common 
side effects 

 
Common lab changes 

 
Less common but 
notable AEs 

Ceritinib Diarrhea (86%) 
Nausea (80%) 
Vomiting (60%) 
Abdominal pain (54%) 
Fatigue (52%) 

ALT (80%), 27% grade 
3/4 
AST (75%),13% grade 
3/4 
Cr (58%) 
Glu (49%) 

ILD (4%) 
QTc (3%) 
 
 

Alectinib Fatigue (41%) 
Constipation (34%) 
Edema (30%) 
Myalgia (29%) 
 

AST (51%) 
AP (47%) 
CPK (43%) 
Bili (39%) 
ALT (34%) 

ILD (0.4%) 
Severe myalgia (1.2%)  
Severe CPK elevation 
(4.6%) 

Brigatinib Nausea (51%) 
Fatigue (42%) 
Diarrhea (41%) 
Headache (34%) 
Cough (33%) 

Increased amylase (21%) 
Increased AST (18%) 

Gr3 hypertension (5%) 
Early onset pulmonary 
toxicity (6%) 

Slide courtesy of Joel Neal MD 



Ongoing First Line Phase 3 Trials  

Sponsor Trial Drug Comparator Target Reporting 
date 

Trial ID 

Takeda ALTA-1L brigatinib crizotinib 270 April 2019 NCT02737501 

Pfizer CROWN lorlatinib crizotinib 280 Dec 2019 NCT03052608 

Xcovery eXalt3 ensartinib crizotinib 402 April 2020 NCT02767804 



Lung Cancer Case 

Question 3:  

Would you radiate the patient’s brain metastases? 

 

1. Yes 

2. No 

 



Lung Cancer Case Continued 
• The patient starts alectinib with rapid improvement of 

symptoms. 

• 6 months later patient develops R sided flank pain. PET CT 
shows progressive disease 



Lung Cancer Case 

Question 4: Would you rebiopsy (tissue or plasma) this 
patient with ALK positive NSCLC with progression on 
alecitinib? 

1. Yes 

2. No 



General Mechanisms of ALK TKI Resistance 

Bypass Signaling: 
EGFR, IGF-1R, c-KIT, 
HER-2/HER3, RAS-
RAF-MAPK, SRC 

Lovly ASCO Educ Book 2015. 

Target  

Alteration 
EML4-ALKMutation 

PI3K ERK STAT 

P P 

CRIZOTINIB 

RTK 

EML4-ALK 

PI3K ERK STAT 

EGFR 

P 

Bypass Tracks 

? 
KRAS 

ERK STAT 

Target  
Amplification 

Amplification 
of ALK fusion 

 

Mutations in 
ALK kinase 
domain 



Selection of ALK TKI Based on Resistance 
Mutation 

Gainor JF. Cancer Discov. 2016 
Oct;6(10):1118-1133.  



ALK patient Rebiopsy At Progression 



Lung Cancer Case 

Question 5: What would you treat the patient next 
with? 

1. Carboplatin-pemetrexed-pembrolizumab 

2. Crizotinib 

3. Carboplatin-pemetrexed 

4. Carboplatin-pemetrexed-bevacizumab 

5. Carboplatin-paclitaxel-bevacizumab-atezolizumab 



Addition of Bevacizumab to Atezolizumab and Chemotherapy 
Prolongs Survival of EGFR/ALK+ Patientsa 

HRc, 0.54 
(95% CI: 0.29, 1.03) 

NE 17.5 mo 21.2 mo 17.5 mo 

HRc, 0.82 
(95% CI: 0.49, 1.37) 

Arm Bb vs Arm C Arm A vs Arm C 

Atezo+CP 
Bev+CP 

Atezo+Bev+CP 
Bev+CP 



A. Shaw et al. 
N Engl J Med 
2016; 374:54-61 

Re-Sensitization to crizotinib after 
progression on lorlatinib 



Third generation ALK inhibitors to overcome ALK-
TKI resistance: Lorlatinib as an example 

Ou et al., ASCO 2017 


