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A B S T R A C T   

Objectives: To determine the incidence of ALK translocations in patients with advanced/metastatic NSCLC in 
Spain, to describe the clinical characteristics of these patients, and to evaluate the effectiveness and safety of 
treatment with crizotinib in a real-world setting. 
Methods: This is an observational prospective and retrospective cohort study to determine the incidence of ALK 
translocations and to analyze the effectiveness and safety of crizotinib in a real-world setting. Patient charac
teristics, treatment patterns, time to best overall response, duration of treatment, objective response rates (ORR), 
rates of adverse events (AE), progression free survival (PFS) and overall survival (OS) were evaluated in the ALK 
study cohort of patients treated with crizotinib (prospective and retrospective). ALK incidence and quality of life 
(QoL) questionnaires were measured from patients included in the prospective cohort. 
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Results: The incidence of ALK translocations was 5.5 % (31 of 559 patients). Compared with ALK-negative pa
tients, ALK-positive patients were significantly younger, predominantly female, and non-smokers. In the crizo
tinib effectiveness and safety study, 91 patients (42 prospective, 49 retrospective) with ALK-positive NSCLC 
(43.9 % in first-line, 56.1 % in second or more lines) were included. The ORR was 59.3 % and the median 
duration of response was 13.5 months (IQR, 5.3–26.2). The median PFS was 15.8 months (95 % CI, 11.8–22.3) 
and the median OS was 46.5 months, with 53 patients (58.2 %) still alive at data cut-off date. Frequently reported 
AEs included elevated transaminases, gastrointestinal disorders, and asthenia. Most patients (76.5 %) reported 
improved or stable scores for global QoL during treatment. 
Conclusions: The observed incidence of ALK translocations in NSCLC patients is aligned with published reports. 
This analysis of the real-world clinical experience in Spain confirms the therapeutic benefit and safety of cri
zotinib in advanced/metastatic ALK-positive NSCLC. Clinicaltrials.gov: NCT02679170.   

1. Introduction 

Lung cancer is the second-most commonly diagnosed malignant 
tumor worldwide and the leading cause of cancer death, with a mortality 
rate of 18.0 % of the total cancer deaths [1]. Increased mortality among 
lung cancer patients is often associated with advanced stage at diag
nosis, which occurs in about half of all patients [2]. An increase in lung 
cancer mortality in recent years has been reported in Spain, reaching 
20.3 % in 2020 [3]. 

Approximately 85 % of all new lung cancer diagnoses can be clas
sified as non-small-cell lung cancer (NSCLC), a heterogeneous class of 
tumors [2]. In the last two decades the treatment of NSCLC has been 
revolutionized by the emergence of molecular-driven targeted therapies 
such as small molecule tyrosine kinase inhibitors and immunotherapy, 
which has led to greatly increased survival and quality of life in selected 
patients. Since its identification in 2007 [4], translocations of the 
anaplastic lymphoma kinase (ALK) gene, which lead to activation of the 
ALK tyrosine kinase domain and oncogenesis, have been identified in 
approximately 3–6 % of all NSCLC cases [5–9]. Patients with NSCLC 
driven by ALK rearrangements may benefit from ALK tyrosine kinase 
inhibitor (TKI) therapies [10]. 

Crizotinib is an orally available small-molecule TKI that suppresses 
the activity of ALK, ROS, and MET kinases. Crizotinib was the first TKI 
approved by the for the treatment of ALK-positive NSCLC [11]. The 
PROFILE 1001 and PROFILE 1005 clinical trials demonstrated signifi
cant objective response rates of about 60 % and longer progression-free 
survival (PFS) in previously treated ALK-positive patients [12,13]. Later, 
the PROFILE 1007 randomized trial demonstrated superior efficacy of 
crizotinib versus pemetrexed or docetaxel as second line after platinum- 
based chemotherapy [14] and the PROFILE 1014 study showed supe
riority of crizotinib to pemetrexed plus cisplatin or carboplatin in first 
line [15,16]. On the basis of these studies, crizotinib achieved a second- 
line approval in ALK-positive advanced NSCLC in 2012 and a first-line 
approval in 2015 from the EMA. Since that time, several new genera
tion ALK inhibitors have changed the first-line treatment paradigm of 
ALK-positive NSCLC and continuation of ALK-inhibition by using 
sequential strategies such as mutational resistance profiling after 
second-generation ALK-TKI relapse, and the role of the 3rd-generation 
inhibitor lorlatinib have demonstrated to be an effective strategy in 
these oncogene-addicted patients [17,18]. 

Although the need for studies of oncologic therapies in the real-world 
setting is clear, the low-incidence ALK rearrangements makes the study 
of this small subgroup of patients with NSCLC challenging. The difficulty 
in the evaluation of effectiveness of specific therapies in real world 
clinical practice is increased by the heterogeneity of the patients and the 
complexity of the therapeutic pathways followed. Several real-world 
studies have been published in recent years analyzing cohorts from 
diverse countries. However, to date no analysis has been performed on 
ALK-positive NSCLC patients from Spain. The objective of this study was 
to evaluate the incidence of ALK translocations in patients with 
advanced/metastatic NSCLC in Spain, as well as to describe the clinical 
characteristics of these patients and the effectiveness and safety of 

crizotinib, the first locally approved ALK inhibitor, in routine clinical 
practice. 

2. Materials and methods 

This multicentric, non-interventional, observational study analyzed 
patients diagnosed with advanced/metastatic NSCLC in Spain. The 
study consisted of two sub-studies: the ALK incidence sub-study and the 
ALK treatment sub-study. An amendment of the study protocol was 
made to allow the inclusion and retrospective analysis of the ROS1 
population in treatment with crizotinib from the date of marketing 
authorization for this indication in Spain in February 2017. The ROS1 
cohort analysis will be presented separately. 

The objective of the first sub-study was to determine the incidence of 
ALK translocations in patients with advanced/metastatic NSCLC in 
Spain; in the second sub-study the goal was evaluate the effectiveness of 
treatment with crizotinib in patients with advanced/metastatic NSCLC 
with ALK translocation in terms of progression-free survival (PFS). The 
study was conducted from November 2016 to June 2019 in 23 hospitals 
countrywide in Spain. All procedures of the study were carried out 
within the usual clinical practice guidelines for this patient population. 
The protocol was approved by the Ethics Research Committee of the 
Hospital Clínico San Carlos (Madrid, Spain). The study included patients 
recruited retrospectively and prospectively. In patients who were 
included prospectively, signed informed consent was obtained. The 
study was carried out in accordance with the protocol, the standards of 
Good Clinical Practice, the International Conference on Harmonization 
and the applicable local laws and requirements. In addition, the study 
complied with the principles contained in the Declaration of Helsinki 
[19]. 

2.1. Patients 

All patients included were adults (>18 years) with a diagnosis of 
NSCLC. For the sub-study of ALK incidence, all patients with advanced/ 
metastatic NSCLC who were diagnosed in the participating hospitals 
were registered. Subsequently, those patients in whom the ALK trans
location status was determined were included (prospective 
recruitment). 

For the sub-study on the effectiveness and safety of treatment with 
crizotinib, the patients included were those with confirmed ALK 
translocation-positive advanced/metastatic NSCLC who had been 
(retrospective recruitment, since January 2014) or were going to be 
(prospective recruiting) treated with crizotinib following standard 
clinical practice. 

2.2. Endpoints and assessments 

This study had two primary endpoints: the first was to determine the 
incidence of ALK translocations in patients with advanced/metastatic 
NSCLC in Spain. The second was to evaluate the effectiveness of treat
ment (PFS) with crizotinib in patients with advanced/metastatic NSCLC 
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with ALK translocation. As secondary endpoints, also the objective 
response rate (ORR), duration of response (DoR), time to best response, 
overall survival (OS, measured from the date of initiation of treatment 
with crizotinib until the date of death or last control), safety data, 
treatment post crizotinib, and patient-reported outcomes (PROs) –the 
latest only for the prospective cohort– were analyzed. 

The incidence of patients with advanced/metastatic NSCLC and 

positive ALK translocation was defined as the percentage of ALK-posi
tive patients out of the total number of patients with advanced/meta
static NSCLC included in the study. Information on the demographic and 
clinical characteristics of the patients, and the characteristics of the 
tumor, were also collected [20]. 

Radiological imaging control follow-up was performed according to 
standard clinical practice in Spain for both the retrospective and pro
spective population and in strict compliance with the Response Evalu
ation Criteria in Solid Tumors (RECIST) v1.1 diagnostic criteria. 

The safety of crizotinib was evaluated by description of the incidence 
of all adverse events (AEs) and their severity graded according to NCI 
CTCAE version 4.0. 

The quality of life of ALK-positive patients treated with crizotinib 
was measured in thirty patients included prospectively with the Euro
pean Organization for Research and Treatment of Cancer (EORTC) 
questionnaires QLQ-C30 and QLQ-LC13, in their Spanish-validated 
versions [21–24]. A hundred percent of patients fulfilled both ques
tionnaires at baseline, 77 % of them at the end of first cycle of treatment, 
57 % after the third and only 17 % of those patients completed the last 
evaluation at the end of treatment. The results of the first 3 milestones 
will be assessed in this analysis. 

2.3. Statistical analysis 

To compare the differences in the characteristics of the population of 
patients according to ALK status, the Pearson’s Chi-Square test was used 
(or Fisher’s exact test if necessary) for qualitative variables, and the T- 
Student test, one-way ANOVA or their non-parametric equivalents U- 
Mann-Whitney and H-Kruskal-Wallis tests in the case of quantitative 
variables. To evaluate the effectiveness and safety of treatment with 
crizotinib, the Kaplan-Meier survival function was used to study PFS, 
DoR and OS. The ORR was analyzed with absolute and relative fre
quencies. For the comparison of survival functions, the Log-rank test was 
used. The incidence rate of specific adverse effects was described in the 
total population. To analyze the association between visits in the quality 
of life of the patients, the Wilcoxon test was used. 

3. Results 

3.1. Incidence of ALK-positive NSCLC 

From 912 patients with advanced/metastatic NSCLC screened, a 
total of 559 patients were evaluated for ALK status (Fig. 1). The 
remaining 353 patients were not included in this analysis at the in
vestigator’s discretion for a variety of reasons, including histology not 
consistent with adenocarcinoma, previously performed ALK testing, 
scarce tissue sample, exitus, EGFR positive status, very old age, and 
smoking habit, among others. The demographic and clinical character
istics of the patients are shown in Table 1. Thirty-one patients (5.5 %) 
were ALK-positive. 

ALK-positive patients were significantly younger than ALK-negative 
patients (p = 0.0017), and predominantly female (p = 0.0029). A higher 
proportion of non-smokers was found among ALK-positive patients (p =
0.0349). All ALK-positive patients (100 %) presented adenocarcinoma, 
and all were negative for EGFR mutations. Interestingly, of 19 ALK- 
positive patients also tested for ROS1, one was positive. PD-L1+ (PD-L1 
> 50 %) was reported in 6 out of 110 patients for whom additional 
molecular alterations were reported, but no alterations in KRAS, MET, or 
TP53 were found in ALK-positive patients (Table 1). 

3.2. Characteristics of patients treated with crizotinib 

A total of 91 patients with NSCLC with confirmed ALK-positive and 
treated with crizotinib were included in the study, 49 (53.8 %) retro
spectively and 42 (46.2 %) prospectively. The baseline characteristics of 
these patients are shown in Table 2. The median age was 60.5 years 

Fig. 1. Patient disposition. NSCLC, non-small cell lung cancer.  

Table 1 
Characteristics of patients with advanced/metastatic NSCLC.  

Variable ALK-negative (N 
= 528) 

ALK-positive (N 
= 31) 

Total (N =
559) 

Age (years), median 
(IQR) 

65.7 (59.3–73.2) 60.8 (45.2–68.1) 65.5 
(59.0–72.9) 

Sex (male), N (%) 352 (66.7) 12 (38.7) 364 (65.1) 
Smoker, N (%) 208 (39.4) 6 (19.4) 214 (38.3) 
Sample type, N (%)    
Biopsy 438 (83.0) 28 (90.3) 466 (83.4) 
Cell block 27 (5.1) 0 (0.0) 27 (4.8) 
Cytology 63 (11.9) 3 (9.7) 66 (11.8)  

Histology, N (%)    
Adenocarcinoma 422 (79.9) 31 (100.0) 453 (81.0) 
Squamous 71 (13.4) 0 (0.0) 71 (12.7) 
Large cell 19 (3.6) 0 (0.0) 19 (3.4) 
NOS 16 (3.0) 0 (0.0) 16 (2.9) 
EGFR (positive)1 45 (8.5) 0 (0.0) 45 (8.1)  

ALK diagnosis    
FISH 261 (49.4) 14 (45.2) 275 (49.2) 
IHC 254 (48.1) 16 (51.6) 270 (48.3) 
PCR 5 (0.9) 0 (0.0) 5 (0.9) 
Other2 8 (1.5) 1 (3.2) 9 (1.6) 
ROS1 (positive) 4 (0.8) (N = 385) 1 (3.2) (N = 19) 5 (0.9) (N =

394) 
Other molecular 

alterations 
104 (19.7)3 6 (19.4)4 110 (17.9) 

EGFR, epidermal growth factor receptor; FISH, fluorescent in situ hybridization; 
IHC, immune histochemistry; IQR, interquartile range; NOS, not otherwise 
specified; PCR, polymerase chain reaction. 

1 Patients tested and with valid tests (N = 508 for ALK-negative; N = 27 for 
ALK-positive; N = 535 for Total). 

2 Includes tested by high-throughput sequencing (ThermoFisher Oncomine), 
CLART technology, and unspecified. 

3 Includes KRAS, PD-L1, MET, and TP53. 
4 All PD-L1 > 50 %. 
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(IQR, 44.4–67.2; range, 22.2–85.0) and 63.7 % were female. Most pa
tients (N = 81, 89.0 %) were initially diagnosed as advanced/metastatic, 
compared to 10 patients (11.0 %) who already had an early diagnosis of 

lung cancer. For the latter, the median time from early diagnosis to 
diagnosis of advanced/ metastatic cancer was 24.1 months (IQR, 
9.3–59.3). 

Crizotinib was administered to 40 patients (44 %) as first line 
treatment, 35 patients (38.5 %) as the second line treatment, and 16 
patients (17.6 %) as third line treatment. For those patients who 
received the drug as ≥ 2nd line, median duration of prior therapies was 
2.8 months (IQR, 1.4–8.5) (mostly chemotherapy). 

3.3. Treatment with crizotinib 

Most patients (90.1 %) started treatment with crizotinib at a dose of 
250 mg twice daily; a few patients received a lower dose (5 patients 
received 200 mg/12 h and 3 patients 250 mg/24 h) at the discretion of 
the treating physician. 

Tumor responses are shown in Table 3. Of 81 patients evaluated for 
efficacy, an objective response was achieved by 48 patients (ORR = 59.3 
%), and clinical benefit by 70 patients (CBR = 86.4 %). The median time 
to best overall response since the start of crizotinib treatment was 3.0 
months (IQR, 2.3–5.8; N = 78). The median duration of response was 
13.5 months (IQR, 5.3–26.2; N = 35). 

The median follow-up was 15.1 months (IQR, 4.2–27.5) for the 
prospective cohort (N = 42) and 36.8 months (IQR, 18.6–49.4) for the 
retrospective cohort (N = 49). Progression after treatment with crizo
tinib was observed in 68 patients (74.7 %). The global median PFS was 
15.8 months (95 % CI, 11–8–22.3) (Fig. 2A). A total of 38 patients (41.8 
%) died for any reason, compared to 53 patients (58.2 %) who remained 
alive at data cutoff date. Of the deceased patients, 30 patients had 
progressed to crizotinib treatment, 6 patients had terminated treatment 
due to toxicity (3 of them started another treatment) and 2 patients died 
while being treated with crizotinib. The global median OS was 46.5 
months (Fig. 2B). 

The median PFS was 11.8 months (95 % CI, 7.1–15.2) and 23.1 
months (95 % CI, 14.9–31.6) if the patients had been recruited into the 
study prospectively or retrospectively, respectively. Similarly, median 
OS was 34.8 months in the prospective cohort and was not reached in 
the retrospective cohort (Fig. 2C and D). 

3.4. Crizotinib use in 1st line or later lines 

Forty patients received crizotinib as 1st line treatment and 51 pa
tients as ≥ 2nd line. An objective response was achieved by 24 patients 
in 1st line (ORR = 68.6 %) and 24 patients in ≥ 2nd line (ORR = 52.2 %) 
(Table 4). The median time to best overall response since initiation of 
treatment was 3.0 months (IQR, 2.2–4.4) for patients in 1st line, and 3.2 
months (IQR, 2.4–9.2) for patients in ≥ 2nd line of treatment with cri
zotinib. Of the patients achieving an objective response, 19 patients in 
1st line progressed after a median 9.9 months (IQR, 2.9–20.5) and 17 
patients in ≥ 2nd line progressed after 18.2 months (IQR, 6.2–32.4). 
There were significant differences in PFS and OS between patients in 1st 
versus in ≥ 2nd line (p = 0.0025 and p = 0.0424, respectively) (Fig. 2E 
and F). The PFS of patients in 1st line was similar if the patients were 
recruited retrospectively (N = 18; 16.8 months, 95 % CI: 4.5–25.4) or 
prospectively (N = 22; 12.1 months, 95 % CI: 2.1–15.2) (p = 0.4213). 
However, for patients in ≥ 2nd lines of treatment, the PFS was signifi
cantly different if the patients were recruited retrospectively (N = 27; 
36.7 months, 95 % CI: 20.4–53.0) versus prospectively (N = 24; 10.5 
months, 95 % CI: 7.0–20.2) (p = 0.0005). 

3.5. Crizotinib efficacy in brain metastasis 

Of the 91 patients, 10 patients (11.0 %) presented brain metastasis 
and were evaluated for treatment with crizotinib (Table 4). Of these, 
four achieved an objective response but 3 progressed after a median of 
5.8 months (IQR, 2.5–20.8). Of the 44 patients without brain metastasis 
who reached objective response, 33 patients progressed after a median 

Table 2 
Baseline characteristics of patients treated with crizotinib (N = 91).  

Variable N = 91 

Age (years), median (IQR) 60.5 (44.4–67.2) 
Sex (female) 58 (67.3) 
Smoker 18 (19.8)  

Stage at diagnosis  
IIIA 5 (5.5) 
IIIB 8 (8.8) 
IV 78 (85.7)  

Number of metastases  
0 8 (8.8) 
1–2 60 (65.9) 
≥3 23 (23.0)  

Histology  
Adenocarcinoma 84 (92.3) 
Squamous 1 (1.1) 
Large cell 3 (3.3) 
NOS 3 (3.3)  

Baseline ECOG1  

0–1 78 (96.3) 
2–3 3 (3.7) 
Brain metastasis 11 (12.1)  

Line of treatment with crizotinib  
1st line 40 (44.0) 
2nd line 35 (38.5) 
3rd line 16 (17.6) 

All data reported as N (%) unless otherwise indicated. 
CR, complete response; ECOG, Eastern Cooperative Oncology Group; IQR, 
inter-quartil range; NOS, not otherwise specified; PD, progressive disease; 
PR, partial response; SD, stable disease. 

1 N = 81. 

Table 3 
Response to treatment with crizotinib (N = 91).  

Variable All patients (N = 91) 

Best response with crizotinib, N (%)  
CR 8 (8.8) 
PR 40 (44.0) 
SD 22 (24.2) 
PD 11 (12.1) 
Not evaluable/unknown 10 (11.0) 
ORR, N (%) 48 (52.8) 
Time to best response,1 months, median (IQR) 3.0 (2.3–5.8) 
Duration of response,2 months, median (IQR) 13.5 (5.3–26.2) 
Concomitant radiotherapy, N (%) 6 (13.2)  

Reason for crizotinib discontinuation, N (%)  
Progression 68 (84.8) 
Adverse event 9 (11.4) 
Other 3 (3.8) 
Crizotinib dose reduction, N (%) 22 (24.2) 
Time from start to 1st dose reduction, median (IQR), months 2.7 (1.1–9.1) 
Crizotinib interruption, N (%) 33 (36.3) 
Time to restart, days, median (IQR) 12.0 (7.0–20.0) 

All data reported as N (%) unless otherwise indicated. 
CR, complete response; IQR, interquartile range; ORR, overall response rate; PD, 
progressive disease; PR, partial response; SD, stable disease. 

1 N = 78. 
2 N = 32. 
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13.5 months (IQR, 6.2–26.4). Of those patients without brain metastases 
at baseline, 13 patients (22.4 %) developed brain metastases at pro
gression after treatment. There were no significant differences between 
PFS and OR in patients with or without brain metastasis. 

3.6. Crizotinib efficacy according to stage disease 

Of 91 patients, 13 (14.3 %) had stage III unresectable disease 
(including stage IIIA and IIIB), and 78 patients (85.7 %) had stage IV 
disease. Patients initially diagnosed in early stage (stages IIIA and IIIB) 
underwent conventional radical chemo-radiotherapy treatment. After 
relapsing in advanced stage, they started treatment with crizotinib. 

3.7. Safety and AEs with crizotinib 

During crizotinib treatment, most patients (N = 52, 57.1 %) did not 
require dose reduction nor interruption. Dose reductions were observed 
in 22 (22.4 %) patients, and 17 patients (18.6 %) underwent in
terruptions with 12 days as median time to treatment restart (IQR 
7.0–20.0) (Table 3). 

A total of 57 patients (62.5 %) experienced at least one crizotinib- 
related AE at some point during treatment. Of these, 37 patients 
(39.6 %) had AEs grade 1–2, and 17 patients (19.8 %) AEs grade 3–4 
(Table 5). Common AEs observed in this study included elevated 
transaminase levels (17.6 %), gastrointestinal disorders such as nausea, 
diarrhea, and constipation (22.6 %), asthenia (14.3 %), and visual dis
orders (12.2 %). One patient had to discontinue treatment two months 

Fig. 2. Kaplan-Meier analysis of PFS and OS in patients treated with crizotinib. A. PFS for the overall population (N = 91); B. OS for the overall population (N = 91); 
C, PFS of patients according to cohort (retrospective or prospective); D, OS of patients according to cohort (retrospective or prospective)*; E, PFS of patients treated in 
1st line (N = 40) or ≥ 2nd line (N = 51) with crizotinib; F, OS of patients treated in 1st line or ≥ 2nd line. CI, confidence interval; m, months; OS, overall survival; 
PFS, progression free survival (*). Patients included in prospective cohort (N = 42) had 15.1 months (IQR, 4.2–27.5) of median follow-up and for the retrospective 
cohort (N = 49) the median follow- up was 36.8 months (IQR, 18.6–49.4). 
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after initiation because of toxicity and died one month later due to 
treatment-related elevated transaminase levels causing liver failure. 
Five patients presented grade 5 AEs unrelated to treatment. SAEs were 
observed in 25 patients (27.5 %), which were treatment-related in 8 
patients (8.8 %): increased transaminases in five patients, bradycardia in 
one patient, and neutropenia in two patients. 

3.8. Treatment post-crizotinib 

After treatment with crizotinib, 59/91 patients (64.8 % of the total) 
received subsequent treatment. Of these patients, 41 patients (69.5 %) 

received a single treatment, 14 (23.7 %) two more lines of therapy and 4 
(6.8 %) >2 treatments (Table 6). A total of 50 patients (85 %) received a 
sequence of treatment with a next generation ALK inhibitor. Most pa
tients received alectinib (68.5 %), but some were treated with ceritinib 
(10.2 %) or brigatinib (5.1 %). The median duration of treatment for the 
first drug used after crizotinib was 4.0 months (IQR,1.4–13.1) for 53 
patients. The main reason for discontinuation was progression (77.4 % 
of the patients). Thirty patients were still on treatment at data cut-off 
date. 

3.9. Patient-reported outcomes 

Of the 42 patients that had been enlisted prospectively, 30 completed 
the Spanish-validated versions of the EORTC QLQ-C30 and its lung 
cancer module QLQ-LC13 at baseline. After the third cycle of treatment 
with crizotinib, 17 and 16 patients completed the QLQ-C30 and the 
QLQ-LC13, respectively. The median (IQR) baseline score for the global 
QoL scale was 50.0 [33.3–66.7]. At the end of the first cycle of treat
ment, the median (IQR) score was 62.5 points [33.3–66.7] showing a 
numerical improvement in this category. The percentage of patients who 
reported an improvement, stable state, or a worsening of their func
tioning domains or symptoms after 3 cycles of treatment are shown in 
Fig. 3. The results show that most functioning domains or symptoms 
improved or remained stable for most patients. Dyspnea (in both ques
tionnaires) and peripheral neuropathy in the QLQ-LC13 questionnaire 
were the symptoms that were reported as worsening by just under 50 %. 

4. Discussion 

This is the first study exploring real-world data of patients with ALK- 
positive NSCLC treated with crizotinib in Spain. We first evaluated 
incidence of ALK rearrangements in a prospective cohort of 559 patients 
diagnosed with NSCLC. Secondly, we analyzed the clinical effectiveness 
and safety of treatment with crizotinib in 91 ALK-positive patients. Our 
analysis complements and supports previous real-world studies carried 
out in other countries, which suggest that crizotinib has a positive 
impact on outcomes in this subgroup of molecularly defined patients. 

In Spain, ALK is the second-most tested biomarker (80.1 % of NSCLC 
patients), only surpassed by EGFR testing (91.4 %) [9]. As in previous 
studies, almost all of the ALK determinations analyzed in our study were 
performed by IHC and FISH [8,9]. Two recent registry-based studies 
carried out in Spain showed that the rate of ALK-positivity among pa
tients diagnosed with NSCLC was 3.0 %-3.4 % [8,9]. Our study showed a 

Table 4 
Sub-group analysis of patients treated with crizotinib.  

Subgroups ORR1 Duration of 
response2 

PFS3 OS4 

Line of treatment     
1st line (N = 40) 24 

(60.0) 
9.9 (2.9–20.5) 14.2 

(5.9–18.2) 
39.8 

≥2nd line (N = 51) 24 
(47.0) 

18.2 (6.2–32.4) 21.4 
(12.6–31.6) 

NR  

Presence of brain 
metastasis at baseline     

Yes (N = 10) 4 
(40.0) 

5.8 (2.5–20.8) 5.9 (0.7–23.1) 40.1 

No (N = 71) 44 
(62.0) 

13.5 (6.2–26.4) 18.2 
(12.6–23.3) 

NR 

Sex     
Male (N = 33) 13 

(46.4) 
17.8 (13.1–29.8) 17.5 

(4.5–28.3) 
44.2 

Female (N = 58) 35 
(66.0) 

11.4 (4.8–25.9) 15.2 
(10.5–23.1) 

46.5 

CI, confidence interval; IQR, interquartile range; NR, not reached; PFS, 
progression-free survival; ORR, overall response rate; OS, overall survival. 
5 Includes IIIA and IIIB. 

1 N (%). 
2 Months, median (IQR). 
3 Months, median (95 % CI). 
4 Months, median. 

Table 5 
Adverse events reported in patients during crizotinib treatment.  

Adverse event Grade 1–2 Grade 3–4 Grade 5 Total 

Elevated transaminase levels 12 (13.2) 3 (3.3) 1 (1.1) 16 (17.6) 
Elevated amilase 1 (1.1) – – 1 (1.1) 
Elevated alkaline phosphatase 1 (1.1) – – 1 (1.1) 
Extended QT interval in EG 1 (1.1) – – 1 (1.1) 
Infections and infestations – 2 (2.2) – 2 (2.2) 
Benign neoplasia – 1 (1.1) – 1 (1.1) 
Bradycardia 3 (3.3) 1 (1.1) – 4 (4.4) 
Skin disorders 1 (1.1) 1 (1.1) – 2 (2.2) 
Anemia 1 (1.1) – – 1 (1.1) 
Leucopenia – 1(1.1) – 1 (1.1) 
Neutropenia 4 (4.4) 4 (4.4) – 8 (8.8) 
Amenorrhea 1 (1.1) – – 1 (1.1) 
Decreased appetite 6 (6.6) – – 6 (6.6) 
Hypophosphatemia – – – 1 (1.1)* 
Dysgeusia 2 (2.2) – – 2 (2.2) 
Dizziness 1 (1.1) – – 1 (1.1) 
Nervous system disorders 1 (1.1) 1 (1.1) – 2 (2.2) 
Gastrointestinal disorders 25 (1.1) 4 (4.4) – 29 (31.9) 
Asthenia 13 (14.3) – – 13 (14.3) 
Edema 15 (16.5) – – 15 (16.5) 
Pyrexia 1 (1.1) – – 1 (1.1) 
Visual disorders 11 (12.1) 1 (1.1) – 12 (13.2) 
Renal and urinary disorders – 1 (1.1) – 1 (1.1) 
Respiratory disorders 2 (2.2) 2 (2.2) – 5 (5.5) 

* No grade recorded. 
EG, electrocardiogram. 

Table 6 
Treatments post-crizotinib.  

Treatment 1st treatment (N 
= 59) 

2nd treatment 
(N = 17) 

3rd treatment 
(N = 4) 

Alectinib 40 (67.8) 5 (29.4) – 
Atezolizumab – 1 (5.9) – 
Brigatinib 3 (5.1) 5 (29.4) – 
Carboplatin and 

gemcitabine 
1 (1.7) – – 

Carboplatin and 
pemetrexed 

5 (8.5) 1 (5.9) – 

Ceritinib 6 (10.2) 1 (5.9) – 
Cisplatin and 

pemetrexed 
1 (1.7) – – 

Docetaxel and 
nintedanib 

1 (1.7) – – 

Erlotinib – 1 (5.9) – 
Lorlatinib 1 (1.7) – 2 (50.0) 
Nivolumab 1 (1.7) – – 
Paclitaxel – 1 (5.9) – 
Pembrolizumab – – 1 (25.0) 
Pemetrexed – 1 (5.9) 1 (25.0) 
Vinorelbine – 1 (5.9) – 

All values are given as N (%). 
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slightly higher incidence of 5.5 %, comparable to the 4–6 % which has 
been observed in other countries [5,6,25–27]. This difference could be 
explained by the progressive acquisition of technical experience and 
knowledge in ALK testing over time. In this regard, it is important to 
point out that real world studies may have limitations in terms of study 
populations. In our incidence sub-study, the investigator excluded some 
patients for ALK testing because of inconsistent histology, smoking or 
advanced age, and this could have affected the observed incidence of 
ALK. However, consistent with previous studies, our cohort had detected 
an enrichment of ALK-positive among younger, female, adenocarcinoma 
histology, and non-smoking patients [26]. A rare case of a patient 
harboring co-occurring ALK/ROS1 rearrangements was detected. Since 
ROS1 testing in NSCLC samples is often considered only after negative 
results for EGFR and ALK owing a known mutual exclusion between 
biomarkers, it could be hypothesized that a ROS1 subclone perhaps 
coexists along with the dominant ALK tumor. In any case, there are some 
publications on this regard suggesting that crizotinib could be a good 
therapeutic option for these rare cases [28,29]. 

In the phase III PROFILE 1014 study, which compared crizotinib in 
the first line setting compared with platinum-based doublet 

chemotherapy, crizotinib demonstrated a significantly higher ORR (74 
vs 45 %, p < 0.001) and significantly extended PFS compared to 
chemotherapy (10.9 vs 7.4 months, p < 0.0001) [15]. In our study, the 
ORR of the overall population was 52.8 % (60.0 % if only patients in first 
line are considered), which is somewhat lower than in the clinical trial, 
although the median PFS was notably longer, 15.8 months (14.2 months 
for only patients in first line). However, the median PFS in our study is 
comparable to that of other real-world observational studies of ALK- 
positive NSCLC patients treated with crizotinib published in recent 
years, which ranged from 13.0 to 16.5 months [30–36]. 

It is worth mentioning that in our study, the median PFS and OS 
resulted markedly different in the cohort of patients included prospec
tively or retrospectively. The median PFS was 11.8 months vs 23.1 
months (p = 0.0014) and the median OS 34.8 months vs not reached (p 
= 0.0312) in the prospective and retrospective cohort respectively. 
These differences could be due in part to the different follow-up times of 
these cohorts (15.1 vs 36.8 months), as the prospective data could be 
immature, but other factors such as previous lines of treatment before 
crizotinib or performance status of patients at the time of starting cri
zotinib could be involved as well. Interestingly, for patients treated with 

Fig. 3. Change from baseline to month 3 of treatment with crizotinib in the EORTC QLQ-C30 (A) and QLQ-LC13 (B) questionnaires. Bars represent the percentage of 
patients who at month 3 indicated that their status had improved, not changed, or worsened with respect to baseline for each of the areas and domains of the 
questionnaires. 
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crizotinib in first line there was no difference in median PFS if the data 
was retrospective or prospective (crizotinib entered the Spanish market 
in January 2017), but the difference in median PFS was very significant 
if patients were treated with crizotinib in ≥ 2nd line (retrospective vs 
prospective, 36.7 vs 10.5 months, p = 0.0005). 

The median OS observed in this study was 46.5 months, consistent 
with that observed in other real-world studies (range: 31 months–not 
reached) [32–38]. Longer median OS figures across several series have 
been published so far (see Supplementary Information, Table 1). At this 
time, the current standard of care for first line in patients with ALK- 
positive NSCLC has changed to second-third generation ALK inhibitors. 
In the ALEX study, after a follow-up of 48.2 months, alectinib did not 
reach the median OS vs 57.4 months for crizotinib (stratified HR = 0.67, 
95 % CI: 0.46–0.98) [38]. For its part, the median OS was not reached in 
either group at the brigatinib’s ALTA 1L trial (HR = 0.81, 95 % CI: 
0.53–1.22) [39]. Similarly, in the CROWN study comparing first line 
crizotinib and lorlatinib (third generation ALK TKI) [39], the OS data 
was still immature at the time of data cutoff, but the HR for death was 
0.72 (95 % CI, 0.41 to 1.25), with a not significant difference in OS the 
between groups. Recently, this study submitted an update to its primary 
endpoint (PFS) after a median duration of follow-up by BICR of 36.7 
months for lorlatinib and 29.3 months for crizotinib. Median PFS by 
BICR was NR (95 % CI, NR-NR) with lorlatinib and 9.3 months (95 % CI, 
7.6–11.1 months) with crizotinib (HR, 0.27; 95 % CI, 0.184–0.388). 
Notably, PFS at 36 months was 63.5 % and 18.9 % for lorlatinib and 
crizotinib respectively [40]. 

In our study, the median OS in patients treated with crizotinib in first 
line was 34.8 months and was not reached in patients treated in ≥ 2nd 
line. This latest data is in line with the results of a real world French 
cohort of 318 highly pretreated ALK-positive patients receiving multiple 
lines of chemotherapy prior crizotinib as their first TKI, reaching a 
remarkable median OS of 89.6 months as assessed from diagnosis of 
metastatic disease [41]. In contrast, in PROFILE 1014, the longest OS 

was observed in patients treated with crizotinib in 1st line who received 
a subsequent ALK tyrosine kinase inhibitor [16], a result that was also 
confirmed in real-world cohorts [32,33,38]. Additionally, the type of 
prior chemotherapy in patients with 2nd line crizotinib could influence 
its effectiveness [30]. 

Brain metastases are frequent in ALK-positive NSCLC already at 
diagnosis [42], and in our study this was the case in 12.1 % of patients. 
Crizotinib has limited intracranial activity. In this study, the presence of 
brain metastasis at diagnosis was associated with worse response and 
survival outcomes compared with patients without brain metastasis, 
although the differences were not statistically significant. Brain metas
tasis in NSCLC patients develops in 15–40 % of ALK-positive patients 
after first diagnosis [43], and in our study 22.4 % of patients developed 
brain metastasis while receiving crizotinib. Progression of preexisting or 
development of new metastases while receiving therapy is a common 
manifestation of acquired resistance to crizotinib [43]. 

The most common reason for discontinuation in our study was pro
gression owing to the inevitable development of resistance. Treatment 
with crizotinib appeared to be well tolerated, as 57.1 % of patients did 
not require a dose interruption or reduction. Nine patients (11.4 %) 
discontinued treatment because of toxicity. This was similar to the re
sults from PROFILE 1014, in which 12 % of patients permanently dis
continued crizotinib treatment resulting from AEs [16,15]. 
Gastrointestinal disorders, such as vomiting and diarrhea, followed by 
elevated transaminase levels, were the most common AE reported in our 
study and were consistent with previous reports [16,31,44]. Visual 
disorders were very commonly observed in numerous studies, as in 
PROFILE 1014, where they reached 73.1 % of patients [16], but they 
were only present in 13.2 % of our cohort. In this study, patients treated 
tended to have low-grade toxicity events (grades 1–2). Compared with 
chemotherapy, crizotinib has been associated with a greater reduction in 
lung cancer symptoms and a greater improvement in quality of life 
[14,45,46]. In our study, most patients reported an improvement in 

Table A1 
Real-world studies of crizotinib.  

Study and reference Country Patients treated with 
crizotinib, N 

Crizotinib in 1L, 
% 

Brain metastasis, 
% 

ORR, 
% 

mDOT, 
m 

mPFS (96% CI), 
m 

mOS (96% CI), m 

THIS STUDY Spain 91 44 12.1 52.8 13.5 15.8 (11.8–22.3) 46.5 
Gibson 2021 [36] Canada 72 100 19.0 45.0 – 16.0 (12.1–22.0) 46.6 (25.1–NR) 
Tsimafeyeu 2019 [37] Russia 96 71 17.0 34 – – 31.0 (28.5–33.5) 
Yang 2019 [35] China 201 53.2 21.9 62.2 20.7 13.2 (10.8–15.6) 50.5 (37.0–64.0) 
Xing 2019 [33] China 428 63.8 22.2 72.6 13.6 14.4 (12.4–16.4) 53.4 (33.7− 73.1) 
Flores del Valle 2019  

[34] 
Singapore 22 50.0 50.0 64.0 8.5 1L: 15.0 1L: NR 

Ueno 2019 [44] Japan 2,028 27.8 – – 7.9 – – 
Gobbini 2019 [38] Italy 244 28.0 25.4  10.2 1L: 10.7 

(9.0–14.7) 
2L: 8.1 (6.7–1.2) 

1L: 61.6 
(35.0–NR) 
2L: 56.8 
(42.0–77.9) 

Liu 2019 [32] China 104 60.0 38.5 82.7 16.0 13.0 (9.0–17.0) 36.0 (31.0–41.0) 
Davis 2018 [48] US, 

Canada 
212 65 15.6 66 8.7 9.5 (8.7–10.1) 23.4 (19.5–NR) 

Zhou 2018 [30] China 32 100 25.5 78.1 – 16.1 (12.7–19.4) – 
Reynolds 2018 [49] US 199 61.8 32.2 – 8.5 1L: 10.4 

(7.3–12.3) 
2L: 8.6 
(4.5–15.8) 

33.8 (24.3–38.8) 

Duruisseaux 2017  
[41] 

France 318 54 34.9 50.2 – 6.8 (5.6–8.3) 16.6 (12.2–19.6) 

Davis 2017 [50] Europe 303 34 – 65.7 7 1L: 7.3 (6.6–8.5) 
2L: 7.0 (6.6–8.0) 

1L: 20.6 
(17.0–25.2) 
2L: 20.4 
(18.2–22.9) 

Cui 2016 [51] China 80 – – 1L: 
73.3 
2L: 
65.4 

– 1L: 13.3 
(6.5–20.0) 
2L: 9.9 
(6.4–13.4) 

– 

1L, first line; 2L, second line; CI, confidence interval; m, months; mDOT, median duration of treatment; mOS, median overall survival; mPFS, median progression-free 
survival; ORR, overall response rate 
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terms of global QoL after the first cycle of treatment with crizotinib and 
after three months of treatment their functioning domains and symptom 
control status had improved or remained stable (60–80 % of the pa
tients), although the low number of patients evaluated limited the 
analysis. 

Likewise, a large proportion of patients were subsequently treated 
with another ALK TKI after crizotinib discontinuation (50/59, 85 %). In 
most cases the chosen ALK TKI was alectinib, but some patients were 
also treated with ceritinib or brigatinib. The relative proportions of use 
of the ALK TKIs could reflect in part their availability in Spain at the time 
of the study. Studies of real-world clinical practice show that alectinib is 
a common second ALK TKI used after crizotinib progression in 1st line of 
treatment [47]. 

Our study should be viewed within the context of the inherent lim
itations common to all real-world studies. Additionally, the relative 
immaturity of the data for the prospective cohort, which accounted for 
almost half of the population, may have affected the PFS and OS results. 
It is important to note that, as in all real-world studies, the lack of 
adequate control and standards for the reporting of information in 
relation to safety can make it possible that minor toxicities are not 
correctly reported or classified as adverse events related to the drug. 
Also, sub-groups were imbalanced, which limited statistical analyses. 
However, strengths of our study were that it was the first in Spain 
analyzing this group of patients and that it was multicentric. 

5. Conclusions 

Our study of the incidence and effectiveness of treatment of crizo
tinib reveals the real-world clinical experience from hospitals in Spain. It 
confirms the therapeutic benefit of crizotinib in patients with advanced 
ALK-positive NSCLC observed in previous clinical trials and retrospec
tive studies. The sequential administration of crizotinib and new- 
generation TKIs might further improve patients’ treatment options and 
outcomes, but observational studies are required to confirm this possi
bility in real-world populations. 
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Taín: Investigation. Rosa Álvarez Álvarez: Investigation. Pilar Mut 
Sanchís: Investigation. Inmaculada Fernández Cantón: Investigation. 
Isabel Manrique Abós: Investigation. Maite Martínez Aguillo: 
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Rémi Veillon, Hélène Blons, Clarisse Audigier-Valette, Pierre-Paul Bringuier, 
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