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Fusion gene Frequency Available in clinical 

practice 

ALK 3-7% Crizotinib (FDA, EMA) 

Ceritinib1 (FDA, EMA) 

ROS1 1-2% Crizotinib (FDA) 

Background 

1For patients refractory or intolerant to crizotinib 
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• Tackling CNS progression 
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• Which drug up-front? First- or second-generation?  
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ECOG-ACRIN 5124 

Adjuvant after surgery 

In combination with RT 

Ongoing Crizotinib studies 
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First-line crizotinib 

Solomon et al., NEJM 2014 



Survival issues 

• Long survival of ALK+ pts 

treated with an ALK-TKI 

• Cross-over: 

 70% of initial CT received 

crizotinib 

 What about the remaining 

30%? 

• No survival difference but 

improvement in quality of life   

Solomon et al., NEJM 2014 

QoL 



What is the role of chemotherapy after 

crizotinib? 
• ALK+ NSCLC appears to be particular sensitivity to pemetrexed 

(Shaw et al., NEJM 2013) 

• Low TS levels in ALK+ NSCLC may justify this sensitivity (Ren et al., 

Cancer 2012) 

• No data on platinum-pemetrexed administered on progression on 

crizotinib 

• Prior crizotinib may impair response to pemetrexed (Berge et al., 

Clin Lung Cancer 2013) 

PFS: Pemetrexed PFS: Crizotinib 

P = 0.02 P = 0.4 



SWOG 1300 study 

NCT02134912 
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2nd generation ALK-TKIs: more 

selective for native ALK 



Drug Response in crizotinib-pretreated 

Response rate (%) Progression-free 
survival (mos.) 

Ceritinib 38.6-56.41,2 5.7-6.91,2 

Alectinib 54.5-553,4 8.94 

Brigatinib 715 13.45 

1Felip, et al. ESMO 2014 
2Mok, et al. ASCO 2015 

3Gadgeel et al. Lancet Oncol 2014  

4Ou et al. ASCO 2015 
4Camidge, et al. ASCO 2015 

2nd generation ALK-TKIs in crizotinib-

pretreated patients 



Lung Cancer 2015 



Chiari et al., Lung Cancer 2015 

Post-progression survival 
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Pro/Con 2nd generation ALK-TKIs front-

line 

• Better enzymatic activity: 2nd generation ALK-TKIs more potent than 

crizotinib 

• Activity against both crizotinib-sensitive and crizotinib-resistant 

tumors in xenograft models 

• Reported activity in CNS metastasis 

PRO 

CON 

• We may lose one line of treatment 



Randomized phase III trial of ALECTINIB vs. 
CRIZOTINIB (ALEX trial) 

NCT02075840 



Ceritinib in ALK-TKI-naïve pts 

Felip et al., ESMO 2014 



Up-front ceritinib: ASCEND-4 trial 

optional 

STAGE IIIB/IV ALK+ 

NSCLC 

 1st line (no prior 

chemotherapy or ALK 

inhibitor) 

 Centralized test at 

Genoptix (IHC Ventana 

test) 
Sample size = 348 

Chemotherapy 

Cisplatin 75 mg/m2 + Pemetrexed 500mg/m2  

or 

Carboplatin AUC 5-6 +Pemetrexed 500mg/m2     

Ceritinib 

 Continuous oral dosing 

 Once daily 

 21-day cycle 
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Primary endpoint: PFS (BIRC assessed) 

PD  

(BIRC  

real time) 

Pemetrexed 

maintenance 

500mg/m2 q 21d 
CR, PR, SD 

PD  

(BIRC  

real time) 
Ceritinib 750 mg 

cross-over 

NCT01828099 



Sequential crizotinib  2nd ALK-TKI 

Overall PFS = 17 months 

Crizotinib      Ceritinib 
      

 

Overall PFS = 17.4 months 

N =22 

(Chiari et al. 

2015) 

N =73 

(Gainor et al. 

2015) 

Crizotinib           Ceritinib/Alectinib 
      

 



Advanced 

ALK+ NSCLC 
ALK-TKI 

Re-

biopsy/plasma 

and gene 

sequencing 

Secondary 

“sensitive” 

mutation 

Secondary 

“non-

sensitive” 

mutation/othe

r resistance 

mechanism(s) 

“Customized” 

ALK-TKI 

Other ALK-

targeted 

clinical trial 

PD on an ALK-TKI: a possible 

algorithm for the future? 

Modified from Kanaan, et al. Onco Targets Ther 2015 
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Crizotinib 250 mg 

(mature population) 

(n = 261) 

N (%) 

Crizotinib 250 mg 

(overall population) 

(n = 901) 

N (%) 

 

Adverse event All grade Grade 3/4 All grade Grade 3/4 

Any AE 245 (93.9) 76 (29.0) 827 (91.8) 41 (4.5) 

Nausea 148 (56.7)  1 (0.4) 423 (46.9) 7 (0.8) 

Vomiting 116 (44.4) 2 (0.8) 352 (39.1) 7 (0.8) 

Vision disorder* 154 (59.0) 0 (0) 468 (51.9) 1 (0.1) 

Diarrhea 106 (40.6) 2 (0.8) 369 (41.0) 9 (1.0) 

Constipation 86 (33.0) 0 (0) 249 (27.6) 1 (0.1) 

Peripheral edema  72 (27.6) 0 (0) 211 (23.4) 3 (0.3) 

Fatigue 64 (24.5) 4 (1.5) 163 (18.1) 18 (1.9) 

Decreased appetite 59 (22.6) 0 (0) 167 (18.5) 2 (0.2) 

Alanine aminotransf. increased 45 (17.2) 19 (7.2) 146 (16.2) 36 (3.9) 

Dysgeusia 43 (16.5) 0 (0) 149 (16.5) 0 (0) 

Dizziness 40 (15.3) 0 (0) 95 (10.5) 0 (0) 

Neutropenia 36 (13.8) 22 (8.4) 84 (9.3) 50 (5.5) 

Aspartate aminotransf. increased 33 (12.6) 5 (1.9) 106 (11.8) 12 (1.3) 

*Includes visual impairment, photopsia, vision blurred, vitreous floaters, photophobia and diplopia 

Manageable safety profile: AEs from PROFILE 1005 

Kim, et al. ASCO 2012 



Weickardt, et al. Cancer 2012 

Androgen deficiency and crizotinib 



Brosnan, et al. Cancer 2014 

Mean eGFR recovery at the 

maximum time off crizotinib: 18.9%  

Mean eGFR drop: 15.9%  

eGFR decrease during crizotinib 

treatment 

Sculier et al., et al. Lung Cancer 2015 



Tamiya, et al. J Clin Oncol 2013 

Interstitial lung disease (ILD) “ARDS-like” 

• Early onset 

• Often fatal 

• May not regress following 

discontinuation of crizotinib 

 

 



Crequit, et al. J Thorac Oncol 2015 

ILD “GGO-like” 



Crequit, et al. J Thorac Oncol 2015 

ILD “GGO-like”: late predictor of 

sensitivity? 



Outline 

• Is there a role for ALK inhibition outside stage IV? 

• Timing of ALK-targeted therapy? Is there a role for chemotherapy 

yet? 

• Toxicities of ALK-TKIs with longer follow-up? 

• Tackling CNS progression 

• ROS1 inhibition 

• Which drug up-front? First- or second-generation?  



from Ou, et al. Expert Anticancer Ther 2012 

ROS1-rearranged NSCLC 

• Present in appr. 1% of NSCLCs (more likely young, never smokers, adenocarcinomas) 

• No overlap with other oncogenic drivers 

• Dual ALK and ROS1 inhibition through crizotinib is thought to occur because these receptors bear a 

77% identity in their ATP binding site  



Presented By Alex Adjei at 2015 ASCO Annual Meeting 



ORR = 72% (95% CI, 58 to 84) 

DOR= 17.6 mos (95% CI, 14.5-not reached) 

PFS= 19.2 mos (95% CI, 14.4-not reached) 

Activity of Crizotinib in 
ROS1-rearranged NSCLC 

Shaw, et al. NEJM 2014 



Crizotinib in MET amplified or ROS1 translocated 
NSCLC: The METROS trial 

MET amplification defined as Ratio ≥2 and stratification in ≥2  and <5  versus ≥5  

Eudract # 2014-001263-12 
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Characteristics 

(n=89) 

ALK+ with anytime 

BMs 

(n=33, 37.1%) 

EGFR+  with anytime 

BMs 

(n=38, 42.7%) 

ALK/EGFR neg 

with anytime BMs 

 (n=18, 20.2%) 

Age     Median 

            Range 

46 

39-53 

55 

43-85 

66 

34-74 

Sex      Male 

            Female          

17 (52%) 

16 (49%) 

18 (47%) 

20 (53%) 

7   (39%) 

11(61%) 

Histology 

Adenocarcinoma   

Non-adenoca                

 

33 (100%) 

0 

 

37 (97%) 

1    (3%) 

 

17 (94%) 

 1   (6%) 

ECOG PS 

0 

1 

 

31 (94%) 

2 (6%) 

 

35 (91%) 

3 (9%) 

 

13 (72%) 

5 (28%) 

Abstract ID 2824; ORAL 16.01, Chiara Bennati MD 
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Kaplan-Meier survival estimates

Median OS (months) [CI 95%] 

 

- ALK+               74 mo [not reached] 

- EGFR+            52 mo [32.6-74.4] 

- ALK/EGFR+    25 mo [9.4-40.03]  

Longer survival expectation influences the incidence of 

BMs metastases in NSCLC 



Untreated brain metastases 

(n = 109) 

Treated brain metastases 

(n = 166) 

# pts outcome 95% CI # pts outcome 95% CI 

IC ORR, % 

(target lesions) 

22 18% 5-40 18 33% 13-59 

IC DCR at 12 

weeks 

109 56% 46-66 166 62% 54-70 

Costa, et al. J Clin Oncol 2015 

Crizotinib and BMs from ALK+ NSCLC 



Author (year) ALK-TKI Prior ALK-TKI OIRR 

Pts with target 

lesions in the CNS1, 

OIRR, N (%) 

Kim 2015 Ceritinib Allowed 67/124 (54%) 7/14 (50%) 

Mok 2015 Ceritinib Mandatory Not reported 13/33 (39.3%) 

Felip 2015 Ceritinib Not allowed Not reported 10/17 (58.8%) 

Gadgeel 2014 Alectinib Mandatory 11/21 (52.5%) 5/9 (55.5%) 

Gandhi 2015 Alectinib Mandatory 20/52 (38.5%) 11/16 (68.8%) 

Ou 2015 Alectinib Mandatory 36/84 (42.9%) 20/35 (57.1%) 

Camidge 2015 Brigatinib Allowed 19/48 (39.5%) 8/15 (53%) 

Shaw 2015 PF-06463922 Allowed 9/25 (36%)2 Not reported 

1Only pts with untreated brain mets or brain mets progressing after cranial RT 
2It may include ROS1 positive patients 

Activity of new generation ALK-TKIs against BMs 

from ALK+ NSCLC 



• Lipid-soluble solutes that can freely diffuse through the capillary 

endothelial membrane may passively cross the BBB  

• BBB is reinforced by a high concentration of Pgp, drug-efflux-

transporter protein 

• Alectinib is not a substrate of Pgp 

Lipid soluble 

CNS Penetration and glicoprotein P 



44-year old woman 

never smoker, stage 

IV ALK+ adenoca., 1st 

line nivolumab, then 

brain PD treated with 

WBRT and crizotinib 

thereafter with SD. 

At  further isolated 

CNS progression 

starts Alectinib 600 

mg b.i.d. 

pre-alectinib 4 wks on alectinib 



46-year old woman 

never smoker, stage 

IV ALK+ adenoca., 1st 

line crizotinib with SD 

At isolated CNS PD 

(including LC) starts 

Alectinib 600 mg b.i.d. 

pre-alectinib 3 wks on alectinib 



Conclusions 

• Ongoing studies will clarify the role of crizotinib in stage I-III ALK+ pts 

• The sequence crizotinibceritinib appears to be the most solid 

strategy at the moment. With the avialability of newer ALK-TKIs, 

chemotherapy will have a marginal role in ALK+ pts 

• Knowledge of peculiar toxicities of crizotinib is crucial for adequate 

pts management 

• Crizotinib is more active in ROS1+ pts compared with ALK+ ones; not 

all ALK-TKIs are also ROS1-inhibitors 

• Up-front crizotinib is a reasonable option for pts with asymptomatic 

CNS mets; in pts who experience asymptomatic CNS progression on 

crizotinib (regardless of whether CNS mets were pre-existing) 

manipulation with a 2nd ALK-TKI should be considered 



giulio.metro@ospedale.perugia.it 

Thanks for your attention 


