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Lung cancer is the leading cause of cancer-related death worldwide. 

For certain patients with non– small-cell lung cancer (NSCLC), 
molecularly targeted therapies have changed treatment and improved 
outcomes. 

In patients with NSCLC targeted therapies represent the standard of 
care, with superior efficacy and improved tolerability, as compared with 
cytotoxic chemotherapy.



Chromosomal rearrangements of the gene encoding ROS1 proto-
oncogene receptor tyrosine kinase (ROS1) is a distinct molecular 
subgroup of non–small-cell lung cancers (NSCLCs) susceptible to 
therapeutic ROS1 kinase inhibition.

Crizotinib is a small-molecule tyrosine kinase inhibitor of anaplastic 
lymphoma kinase (ALK), ROS1, and MET.



The dual inhibition of ALK and ROS1 by the same small molecule is 
probably due to structural similarities between these two closely 
related tyrosine kinases. 

The three-dimensional structures of the sites of crizotinib binding with 
ALK and ROS1 are similar. Most of the amino acid differences between 
ALK and ROS1 are conservative or do not contact crizotinib.

Clin Cancer Res. 2013 August 1; 19(15): 4040–4045.



Chromosomal rearrangements involving the ROS1 receptor tyrosine 
kinase gene present in glioblastoma, NSCLC and cholangiocarcinoma.

ROS1 rearrangements have been identified in approximately 1%–2% of 
patients with NSCLC .

J Clin Oncol 2012;30:863– 870



ROS1 rearrangements  associated with 

younger age,

never smoking history,

Asian ethnicity 

and advanced stage adenocarcinoma histology

• J Clin Oncol 2012;30:863– 870





ROS1 rearrangements do not overlap with mutations in other 
oncogenic drivers, such as EGFR or ALK. 

ROS1 and ALK rearrangements are mutually exclusive.



ROS1 rearrangement Identified in the early 1980s

ROS1 is located on chromosome 6, where it encodes an orphan 
receptor tyrosine kinase. 

ROS1 consists of 

(a) a glycoprotein-rich extracellular domain, 

(b) a transmembrane domain, and 

(c) an intracellular tyrosine kinase





Deregulated ROS1 may occur as a result of ROS1 gene fusion,
overexpression or mutations.

Aberrant ROS1 kinase activity leads to activated downstream signaling
of several oncogenic pathways .





Detection of ROS1 rearrangements by FISH-

Red and green fluorescent probes used to hybridize with sequences
adjacent to or including a portion of the ROS1 gene.

In the absence of a ROS1 rearrangement, the overlapping probes
produce a fused or yellow signal.

When a ROS1 gene rearrangement is present the two probes become
separated, resulting in a “split” signal.

Isolated red 3 signals can also be observed in the setting of ROS1
rearrangements

Specimens considered FISH positive if more than15% of tumor cells
demonstrate split or isolated 3 signals.





• In addition to FISH, RT-PCR and IHC has also been used to screen for 
ROS1 rearrangements.







Using a ROS1 fluorescent in situ hybridization (FISH) assay, 1,073 
patients with NSCLC were screened and correlated ROS1 
rearrangement status with clinical characteristics, overall survival and 
when available, ALK rearrangement status. 



Of 1,073 tumors screened, 18 (1.7%) were ROS1 rearranged by FISH, 
and 31 (2.9%) were ALK rearranged. 

Compared with the ROS1-negative group, patients with ROS1 
rearrangements were significantly younger and never-smokers (each P 
< .001). 

All of the ROS1-positive tumors were adenocarcinomas, with a 
tendency toward higher grade. 

ROS1-positive and -negative groups showed no difference in overall 
survival. 

Patient treated with crizotinib showed tumor shrinkage, with a near 
complete response.









50 patients with advanced NSCLC who tested positive for ROS1 
rearrangement enrolled in an expansion cohort of the phase 1 study of 
crizotinib. 

Patients were treated with crizotinib with oral dose of 250 mg twice 
daily and assessed for safety, pharmacokinetics, and response to 
therapy. 

ROS1 fusion partners were identified with the use of next-generation 
sequencing or reverse-transcriptase– polymerase-chain-reaction 
assays.





Among the 50 study patients-

3 patients (6%) had a complete response

33 patients (66%) had a partial response

9 patients (18%) had stable disease . 

Overall response rate - 72% (95% confidence interval [CI], 58 to 84). 

The median time to the first response - 7.9 weeks (range, 4.3 to 32.0)

Three of the 50 patients (6%) had evidence of progressive disease on 
the first restaging scans



Among the 50 patients- median duration of treatment was 64.5 weeks 
(range, 2.3 to 182.0), and 30 patients (60%) continued to receive 
crizotinib after the data cutoff date.

Median progression-free survival was 19.2 months (95% CI, 14.4 to NR) 





Median follow-up for overall survival was 16.4 months (95% CI, 13.8 to 
19.8).

The overall survival rate at 12 months was 85%





Resistance to crizotinib develops in patients with ROS1-rearranged 
NSCLC.

Mechanism-

1.secondary mutation that hinders drug binding

2.activation of epidermal growth factor receptor, which enables cancer 
cells to bypass crizotinib-mediated inhibition of ROS1 signaling.

N engl j Med 368;25 NEJM. ORG June 20, 2013



Resistance to crizotinib developed in a patient with metastatic lung 
adenocarcinoma harboring a CD74–ROS1 rearrangement who had 
initially shown a dramatic response to treatment.

Biopsy of a resistant tumor identified an acquired mutation leading to 
a glycine-to-arginine substitution at codon 2032 in the ROS1 kinase 
domain.

. www.pnas.org/cgi/doi/10.1073/pnas.1420785112



Foretinib is a more potent ROS1 inhibitor than crizotinib in vitro and in 
vivo and remains effective against crizotinib-resistant ROS1 kinase 
domain mutations, including ROS1 G2032R.

PNAS | November 26, 2013 | vol. 110 | no. 48 | 19519–19524



PF-06463922 is the most potent and the most selective ROS1 inhibitor . 

PF- 06463922 effectively inhibit the catalytic activity of recombinant 
ROS1G2032R and the CD74- ROS1G2032R fusion kinase . 

www.pnas.org/cgi/doi/10.1073/pnas.1420785112



SUMMERY-

ROS1 rearrangement defines a second molecular subgroup of NSCLC 
for which crizotinib is highly active.

In the majority of patients with Ros1 rearrangement  crizotinib
produces durable clinical responses and associated with grade 2 or 
lower toxic effects.

Screening for ROS1 in patients with advanced NSCLC is important. 

Second-generation ALK inhibitors ceritinib and alectinib, and the 
multitargeted kinase inhibitor foretinib, PF-06463922 exhibits 
improved ROS1 potency in both biochemical and cell based assays as 
compared to crizotinib.



•ALK REARRANGEMENT IN LUNG CANCER-



ALK comprises 4% cases of NSCLC.

EGFR mutations are found in 10% to 15% of NSCLCs.

Two other targets of crizotinib—ROS1 and c-MET—are less common
than ALK; each present in 1% to 2% of NSCLCs.

4% of patients with ALK lung cancer represent potentially 40,000 new
cases worldwide each year.

J Clin Oncol 30:863-870, 2012



Patients with ALK rearrangements are younger with no gender 
predilection .

Pathologically, ALK-positive tumors are predominately 
adenocarcinomas and contain signet ring cells.

ALK rearrangements and activating epidermal growth factor receptor 
(EGFR) mutations are mutually exclusive.

Among patients with ALK-positive lung cancer, more than 90% are 
never- or light smokers (light smoking is defined as < 10 pack-years).

J Clin Oncol 2009;27:4247– 4253

Cancer 2009;115:1723–1733



27 ALK fusion variants are present 

Most common of which EML4-ALK fusion tyrosine kinase .



Algorithm for ALK screening in advanced Adeno CA 
lung



Crizotinib a multi targeted TKI with activity against MET, ALK, and ROS1

It is  the first molecule approved for the treatment of patients with 
ALK-positive advanced NSCLC.

Crizotinib got Food and Drug Administration(FDA) approval for ALK-
positive patients in August 2011 .

N engl j med 368;25 nejm.2400 org june 20, 2013





This  open-label, phase 3 trial compared crizotinib with chemotherapy 
in 343 patients with advanced ALK-positive non squamous NSCLC who 
received no previous systemic treatment for advanced disease..



Patients randomly assigned to receive oral crizotinib at a dose of 250
mg twice daily or

received intravenous chemotherapy every 3 weeks for upto 6 cycles.
(pemetrexed, 500 mg per square meter of body surface area, plus
either cisplatin, 75 mg per square meter, or carboplatin, target area
under the curve of 5 to 6 mg per milliliter per minute)

Crossover to crizotinib treatment after disease progression permitted
for patients receiving chemotherapy.

Primary end point – progression free survival







Progression-free survival significantly longer with crizotinib than with 
chemotherapy (median, 10.9 months vs. 7.0 months; hazard ratio for 
progression or death with crizotinib, 0.45; 95% confidence interval [CI], 
0.35 to 0.60; P<0.001). 

Objective response rates  of crizotinib vs chemotherapy- 74% and 45% 
(P<0.001)









Conclusion-

Patients with previously untreated ALK-positive NSCLC, crizotinib
treatment is superior to pemetrexed-plus-platinum chemotherapy with 
respect to

1. Progression-free survival

2.  Objective response rate, 

3.  Reduction of lung-cancer symptoms

4.  Improvement in quality of life.



Results are independent of -

type of platinum treatment administered

performance status of the patient

patient’s race and

the presence or absence of brain metastases





This phase 3, open-label trial compared crizotinib with chemotherapy 
in 347 patients with locally advanced or metastatic ALK-positive lung 
cancer who had received one prior platinum-based regimen. 

Patients  randomly assigned to receive oral treatment with

crizotinib (250 mg) twice daily

or

intravenous chemotherapy with either pemetrexed (500 mg per 
square meter of body-surface area) or docetaxel (75 mg per square 
meter) every 3 weeks.

The primary end point was progression-free survival



The median progression-free survival was 7.7 months in the crizotinib
group and 3.0 months in the chemotherapy group (hazard ratio for 
progression or death with crizotinib, 0.49; 95% confidence interval [CI], 
0.37 to 0.64; P<0.001). 

The response rates were 65% (95% CI, 58 to 72) with crizotinib, as 
compared with 20% (95% CI, 14 to 26) with chemotherapy (P<0.001).

Response rate to pemetrexed was higher than expected — 29%, as 
compared with 12.8% in the general population of patients with lung 
adenocarcinoma who had previously been treated with chemotherapy.



The incidence of treatment-related serious adverse events was similar 
in the crizotinib and chemotherapy groups.







Discovery of a novel ALK fusion—

Echinoderm microtubule-associated protein-like 4 (EML4)–ALK—as a 
somatic gene rearrangement found in a small percentage of lung 
cancers. 

EML4-ALK fusions result from small inversions within chromosome 2p 
that fuse differing portions of the EML4gene with a portion of the ALK 
gene. 

EML4-ALK is the predominant ALK fusion in lung cancer



Despite the marked antitumor activity of crizotinib, ALK-driven cancers  
become resistant to crizotinib. 

In  case of ALK positive & EGFR mutant lung cancer, resistance develops 
on average within the first year or two of TKI therapy

N Engl J Med 363:1734-1739, 2010



Up to one third of relapsing patients, crizotinib resistance is mediated 
by secondary resistance mutations located in the ALK TK domain.

Most commonly identified resistance mutation is the gatekeeper 
mutation L1196M in the TK domain of EML4–ALK involves –

Substitution of leucine for a methionine at position 1196 (L1196M) of 
the kinase domain of ALK- creating a mutant bulky amino-acid side 
chain in the ATP-binding pocket of the receptor interfere binding of 
crizotinib to its receptor

• N Engl J Med 363:1734-1739, 2010



• Other mutation causing crizotinib resistance-

1.G1269A substitution lies directly in the ATP-binding pocket.

2.G1202R and S1206Y, are located in the solvent-exposed region of the 
kinase domain and decrease the binding affinity of crizotinib.

3. 1151 threonine insertion –through conformational changes they 
compromise crizotinib binding

• Sci Transl Med 4:120ra17, 2012



To overcome the problem of crizotinib resistance, second-generation 
ALK inhibitors are developed .

Based on phase I/II data, ceritinib has gained accelerated FDA approval 
for the treatment of crizotinib resistant ALK-rearranged lung cancer.

The clinical development of alectinib has already reached phase III.

The toxicity profile of these drugs seems manageable, although side-
effects still require attention and optimized supportive care.







Ceritinib (LDK378) is a new ALK inhibitor that has shown greater 
antitumor potency than crizotinib in preclinical studies.

Oral ceritinib used in doses of 50 to 750 mg once daily to patients with 
advanced cancers harboring genetic alterations in ALK

.



The primary objective was to determine the MTD of ceritinib in adult 
patients with tumors harboring a genetic alteration in ALK. 

Key secondary objectives were to characterize the safety and side 
effect profile, pharmacokinetic profile, and antitumor activity of 
ceritinib.

The study included a dose-escalation phase, followed by an expansion 
phase in which all the patients received treatment at the maximum 
dose established in the dose escalation phase. 

Daily dosing of ceritinib was continued in 21-day cycles. The starting 
dose was 50 mg daily, on the basis of preclinical safety data



• Patients in the dose-escalation phase of the study were treated at 
dose levels of 50 to 750 mg daily.



For the expansion phase, patients received treatment with the MTD of 
ceritinib that had been established in the dose-escalation phase.



Patients continued treatment with ceritinib until

the disease progressed

an unacceptable level of toxic events developed

or the patient withdrew consent. 

Treatment after disease progression was not permitted, unless the sole 
site of progression was the central nervous system.



Dose-limiting toxic events occurred in six patients at daily doses of 400 
mg or more .

Dose-limiting toxic events included 

diarrhea (at a daily dose of ≥600 mg),

vomiting (at 750 mg daily)

nausea (at 750 mg daily),

dehydration (at 600 mg daily)

elevated alanine aminotransferase level (at 400 mg daily)

hypophosphatemia (at 400 mg daily)

four cases of interstitial lung disease

All dose-limiting toxic events resolved on discontinuation of treatment. 



114 patients with NSCLC received at least 400 mg of ceritinib daily

1 (1%) had a confirmed complete response

65 (57%) had a confirmed partial response

25 (22%) had stable disease.

12 patients (11%) had progressive disease on the first restaging scans, 
and for 11 patients (10%) the response was not known owing to early 
withdrawal from the study.

The overall response rate was 58% (95% confidence interval [CI], 48 to 
67).



Among the 78 patients with NSCLC who received 750 mg daily, 46 had a 
confirmed partial response, for an overall response rate of 59% (95% CI, 
47 to 70).



Among patients previously treated with crizotinib the overall response 
rate -

56% (95% CI, 45 to 67) among those who received ceritinib at a dose of 
400 mg or more daily (45 of 80 patients) and

56% (95% CI, 41 to 70) among those treated with ceritinib at a dose of 
750 mg daily (28 of 50 patients).



Among the 66 patients with NSCLC who had a response and who had 
been treated with at least 400 mg of ceritinib daily, 64% (95% CI, 50 to 
74) had a duration of response of 6 months or longer.

Median duration of response was 8.2 months

Median progression free survival was 7.0 months



CONCLUSION-

Ceritinib at a dose of 400 mg or more daily similarly effective in 
patients who had received prior crizotinib treatment and in those who 
had not received crizotinib previously. 

Overall response rate & median progression free survival observed with 
ceritinib were similar to those seen after initial crizotinib treatment.

.





More potent ALK inhibitors with CNS activity and good tolerability like 
Alectinib   shown clinical activity in patients with crizotinib resistant 
ALK-rearranged NSCLC including those with CNS metastasis.

Alectinib is active against most of the known resistance-mediating ALK 
mutations, except G1202R .

Cancer Lett 2014; 351: 215–21.





Patients with ALK-rearranged NSCLC who progressed on or were 
intolerant to crizotinib were enrolled.

oral doses of alectinib (300–900 mg twice a day) was given

Response Evaluation Criteria in Solid Tumors criteria (version 1.1) used 
to investigate the activity of alectinib in all patients with a baseline scan 
and at least one post-treatment scan (CT or MRI), with central 
radiological review of individuals with brain metastases. 

Safety was assesed in all patients who received at least one dose of 
alectinib. 





Of 21 patients with CNS metastases at baseline, 11 (52%) had an 
objective response; six (29%) had a complete response and five (24%) 
had a partial response 

eight (38%) patients had stable disease and the remaining two (10%) 
had progressive disease.



Most common adverse events –

fatigue (14 [30%]; all grade 1–2),

myalgia (eight [17%]; all grade 1–2), 

peripheral edema (seven [15%] grade 1–2, one [2%] grade 3). 

Dose-limiting toxic effects(headache, neutropenia) were recorded in 
two patients receiving alectinib 900 mg twice a day; 

Most common grade 3–4 adverse events –

increased levels of γ-glutamyl transpeptidase (two [4%])

reduction in the number of neutrophils (two [4%]), 
hypophosphataemia (two [4%]).





Conclusion-

Alectinib is well tolerated, 

Have promising antitumour activity in patients with ALK rearranged 
NSCLC who are resistant or intolerant to crizotinib, including those with 
CNS metastases.



EML4-ALK gene products and their mutant subtypes are known clients 
of chaperones like HSP90 which ensure adequate folding necessary for 
protein function and prevent preterm degradation . Clinical activity of 
HSP90 inhibitors against ALK rearranged NSCLC  shown  in clinical trials

In vitro, this activity is  directed against the wild-type ALK and against 
most of the known mutant forms of ALK conferring resistance against 
crizotinib.

In a phase II trial of the HSP90 inhibitor ganetespib, partial responses 
were detectable in four of eight patients with ALK rearranged NSCLC. 

Clin Cancer Res 2013; 19:3068–3077



Efficacy and manageable toxicity were also reported for the HSP90-
inhibiting compound AUY922 in a phase II trial  . 

Based on these results, further clinical development of HSP90 inhibitors 
in the ALK rearranged subtype of lung adenocarcinoma is ongoing. 

• Ann Oncol 2012; 23 (suppl 9):abstract 4380



Difference between ALK rearrangement and ROS1 rearrangement in 
patients with NSCLC is in the durability of the response to crizotinib.

Factors account for the longer responses observed in ROS1-rearranged 
NSCLC-

1.crizotinib may be a more potent inhibitor of ROS1 than of ALK, 
leading to more effective target inhibition and more durable responses.

2. In vitro measurements of the equilibrium dissociation constant (Kd) 
with the use of isothermal titration calorimetry indicated that crizotinib
binds significantly more tightly to ROS1 than to ALK



INDIAN DATA OF ALK IN NSCLC





Patients with NSCLC, adenocarcinoma histology, whose tumors had 
been tested for EGFR mutational status-included in this study.

ALK gene rearrangement detected by fluorescence in situ hybridization 
using the Vysis ALK Break Apart Rearrangement Probe Kit. 

ALK mutation was tested in EGFR mutation negative samples .



A total of 500 NSCLC adenocarcinoma patients enrolled across six
centers.

337 (67.4%) men and 163 (32.6%) women with a median age of 58
years.

One hundred and sixty-four (32.8%) blocks positive for EGFR
mutations,

336 (67.2%) were EGFR wild-type.

Of the 336 EGFR-negative blocks, EML4-ALK fusion gene was present in
15 (4.5%) patients & 321 (95.5%) tumors were EML4-ALK negative.

The overall incidence of EML4-ALK fusion gene was 3% (15/500)







EML4-ALK gene fusions are present in lung adenocarcinomas from 
Indian patients 

3% incidence of EML4-ALK gene fusion in EGFR mutation-negative 
cases is similar to other Western and Asian populations. 



PGI DATA

• Out of 171 patients of adenocarcinoma of lung tested for ALK 
rearrangement  in LCC 3 cases are positive.

• None of them received crizotinib treatment because of financial 
reasons.



TAKE HOME MESSAGE
• All patients of adenocarcinoma lung  should be tested for EGFR & ALK 

mutation and should be offered targeted therapy accordingly.

• ROS1 mutation  test can be offered to adenocarcinoma patients who 
are EGFR & ALK negative .

• Targeted therapy of NSCLC has better progression free survival and 
overall response rate and manageable toxicity profile as compared to 
chemotherapy.

• Second generation ALK inhibitors are equally effective as 1st

generation ALK inhibitors and effective even when resistance to 1st

generation ALK inhibitors develops. 

• High cost of crizotinib in our country make it difficult to use in 
patients of NSCLC who are ALK& ROS1 positive.



• Govt of India should make necessary steps to ensure availabalility of 
crizotinib at a reasonable price in Indian market so that benefit of 
targeted therapy of lung cancer in Indian patients can be achived. 

• At the present moment this drug is not cost effective.


