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Abstract

BACKGROUND—Non–small-cell lung cancer (NSCLC) harboring the anaplastic lymphoma

kinase gene (ALK) rearrangement is sensitive to the ALK inhibitor crizotinib, but resistance

invariably develops. Ceritinib (LDK378) is a new ALK inhibitor that has shown greater antitumor

potency than crizotinib in preclinical studies.

METHODS—In this phase 1 study, we administered oral ceritinib in doses of 50 to 750 mg once

daily to patients with advanced cancers harboring genetic alterations in ALK. In an expansion

phase of the study, patients received the maximum tolerated dose. Patients were assessed to

determine the safety, pharmacokinetic properties, and antitumor activity of ceritinib. Tumor

biopsies were performed before ceritinib treatment to identify resistance mutations in ALK in a

group of patients with NSCLC who had had disease progression during treatment with crizotinib.

RESULTS—A total of 59 patients were enrolled in the dose-escalation phase. The maximum

tolerated dose of ceritinib was 750 mg once daily; dose-limiting toxic events included diarrhea,
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vomiting, dehydration, elevated aminotransferase levels, and hypophosphatemia. This phase was

followed by an expansion phase, in which an additional 71 patients were treated, for a total of 130

patients overall. Among 114 patients with NSCLC who received at least 400 mg of ceritinib per

day, the overall response rate was 58% (95% confidence interval [CI], 48 to 67). Among 80

patients who had received crizotinib previously, the response rate was 56% (95% CI, 45 to 67).

Responses were observed in patients with various resistance mutations in ALK and in patients

without detectable mutations. Among patients with NSCLC who received at least 400 mg of

ceritinib per day, the median progression-free survival was 7.0 months (95% CI, 5.6 to 9.5).

CONCLUSIONS—Ceritinib was highly active in patients with advanced, ALK-rearranged

NSCLC, including those who had had disease progression during crizotinib treatment, regardless

of the presence of resistance mutations in ALK. (Funded by Novartis Pharmaceuticals and others;

ClinicalTrials.gov number, NCT01283516.)

Genetic alterations in the anaplastic lymphoma kinase gene (ALK) are implicated in the

pathogenesis of several human cancers.1 ALK can be aberrantly activated by mutation, gene

amplification, or chromosomal rearrangement, leading to the expression of a potent

oncogenic driver. In non–small-cell lung cancer (NSCLC), ALK rearrangement occurs in

approximately 5% of cases.2–8 ALK-rearranged tumors depend on ALK for growth and

survival and show marked sensitivity to ALK inhibitors such as crizotinib. Among patients

with advanced, ALK-rearranged NSCLC, crizotinib has been associated with response rates

of approximately 60% across multiple studies and a median progression-free survival of 8 to

10 months.9–11

Despite initial responses to crizotinib, the majority of patients have a relapse within 12

months, owing to the development of resistance.12,13 Acquired resistance has been observed

in other oncogene-dependent tumors, including epidermal growth factor receptor (EGFR)–

mutated NSCLC treated with EGFR inhibitors14–16 and chronic myeloid leukemia treated

with ABL inhibitors.17,18 Approximately one third of patients with ALK-rearranged NSCLC

have a relapse owing to an acquired mutation within the ALK tyrosine kinase domain or

amplification of the ALK fusion gene.12,13 In the remaining resistant cases, the ALK fusion

gene is unchanged, and a variety of resistance mechanisms have been reported.12,13,19

Treatment options after the failure of crizotinib are limited and include cytotoxic

chemotherapy, palliative radiotherapy, or supportive care.20

Ceritinib (LDK378, Novartis Pharmaceuticals) is an oral, small-molecule, ATP-competitive,

tyrosine kinase inhibitor of ALK.21 In enzymatic assays, ceritinib is 20 times as potent as

crizotinib against ALK.22 In contrast to crizotinib, ceritinib does not inhibit the kinase

activity of MET; however, it does inhibit the insulin-like growth factor 1 (IGF-1) receptor,

although the inhibition of the IGF-1 receptor is less potent than the inhibition of ALK by a

factor of 50.23 In xenograft models of ALK-rearranged NSCLC, ceritinib showed marked

antitumor activity against both crizotinib-sensitive and crizotinib-resistant tumors.21,22

These preclinical studies suggest that ceritinib may be active in patients with NSCLC who

have not received crizotinib previously, as well as in patients who have had disease

progression during crizotinib treatment.
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We conducted a phase 1 study of ceritinib to determine the safety, maximum tolerated dose

(MTD), pharmacokinetic properties, and antitumor activity of this drug in patients with

advanced, ALK-rearranged NSCLC and other cancers harboring ALK alterations.

METHODS

PATIENTS

Eligible patients had a locally advanced or metastatic cancer harboring genetic alterations in

ALK. In patients with NSCLC, the demonstration of ALK rearrangement was required in at

least 15% of tumor cells by means of a fluorescence in situ hybridization (FISH) assay, with

the use of break-apart probes. ALK FISH testing at a central laboratory was not required.

Other eligibility criteria included an age of 18 years or older, an Eastern Cooperative

Oncology Group performance status score of 0, 1, or 2 (on a scale from 0 to 5, with 0

indicating that the patient is fully active and higher numbers indicating greater disability),

and adequate end-organ function. One patient with an ECOG performance status score of 3

was enrolled with an eligibility waiver because the score had changed from 2 to 3 during

screening, after the patient had provided consent for the study (Table 1). Patients with

asymptomatic untreated or treated central nervous system metastases were eligible, as were

patients who had received prior treatment with one or more ALK inhibitors.

STUDY OVERSIGHT

This study was conducted in accordance with the principles of the Declaration of Helsinki

and the Good Clinical Practice guidelines of the International Conference on Harmonisation.

The protocol, which is available with the full text of this article at NEJM.org, was approved

by the local human investigations committee at each participating site. Written informed

consent was obtained from all the patients before screening.

The study was designed by the sponsor (Novartis Pharmaceuticals) together with the study

investigators. The sponsor collected the data and analyzed them in conjunction with the

authors. The first author wrote the first draft of the manuscript. Editorial support was

provided by Articulate Science and funded by the sponsor. All the authors made the decision

to submit the manuscript for publication and vouch for the accuracy of the data and analyses

reported and for the fidelity of the study to the protocol.

STUDY DESIGN

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. In

the dose-escalation phase, treatment included a single ceritinib dose, followed by a 3-day

pharmacokinetic evaluation period, and subsequent daily oral dosing for the remainder of

the cycle. Daily dosing of ceritinib was continued in 21-day cycles. The starting dose was 50

mg daily, on the basis of preclinical safety data.
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Dose escalation was guided by means of a two-parameter Bayesian logistic-regression

model with the use of the principle of escalation with overdose control.24,25 For the

expansion phase, patients with ALK-rearranged NSCLC (regardless of whether the patient

had received an ALK inhibitor previously) and patients with other ALK-activated tumors

were enrolled and 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.

STUDY ASSESSMENTS

Adverse events were graded according to the Common Terminology Criteria for Adverse

Events, version 4.0 (http://evs.nci.nih.gov/ftp1/CTCAE/

CTCAE_4.03_2010-06-14_QuickReference_8.5x11.pdf). Blood samples for

pharmacokinetic assessments were obtained in both the dose-escalation and expansion

phases of the study.

All the patients underwent tumor imaging at baseline, including computed tomography of

the chest and abdomen, as well as brain imaging. Restaging scans were obtained at 6-week

intervals during treatment and were assessed by investigators according to the Response

Evaluation Criteria in Solid Tumors, version 1.0 (www.iconplc.com/services/imaging/

RECIST-1.0-Criteria-ICON-Medical-Imaging.pdf).

MOLECULAR ANALYSIS OF TUMOR SAMPLES

At a single center, patients with NSCLC who had had disease progression during crizotinib

treatment underwent tumor biopsy before starting ceritinib therapy. All the samples were

evaluated for ALK rearrangement and ALK gene amplification with the use of FISH.

Resistance mutations in ALK were identified as described previously.12

STATISTICAL ANALYSIS

For the dose-escalation study, the Bayesian logistic-regression model was used to estimate

the posterior distributions for the probabilities of dose-limiting toxic events at various dose

levels after each cohort of patients (Table S1 in the Supplementary Appendix, available at

NEJM.org). The MTD was defined as the dose associated with the highest probability that

dose-limiting toxic events would occur in 16% to less than 33% of patients and as the dose

that did not exceed the overdose criterion (<25% probability that dose-limiting toxic events

would occur in ≥33% of patients).

For the secondary efficacy and safety end points, data from patients in the dose-escalation

and expansion phases who received the MTD were pooled. Safety data are summarized for

all the patients who received at least one dose of ceritinib. Efficacy data are summarized for

all the patients with NSCLC who received at least one dose of ceritinib. Pharmacokinetic

analyses were based on data from patients in the dose-escalation phase. The current analysis

includes all the patients who received ceritinib by October 19, 2012. The data-cutoff date

was August 2, 2013. Enrollment in the expansion phase continued through July 2013.
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RESULTS

PATIENTS

As of October 19, 2012, a total of 130 patients had been treated: 59 patients in the dose-

escalation phase and 71 in the expansion phase. The majority of patients (122 of 130

patients [94%]) had advanced NSCLC (Table 1) and had received cytotoxic chemotherapy

previously (Table S2 in the Supplementary Appendix). A total of 83 of 122 patients with

NSCLC (68%) had received crizotinib previously. Of the 8 patients with cancers other than

NSCLC, 4 had breast cancer and 1 patient each had alveolar rhabdomyosarcoma, rectal

adenocarcinoma, anaplastic large-cell lymphoma, and inflammatory myofibroblastic tumor

(Table 1).

ADVERSE EVENTS

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

daily. Dose-limiting toxic events occurred in six patients during cycle 1, at daily doses of

400 mg or more (Table S3 in the Supplementary Appendix). 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), and hypophosphatemia (at 400 mg daily). All dose-limiting toxic events resolved on

discontinuation of treatment. Treatment was resumed in all patients except one, who had

simultaneous disease progression. In all the patients, the study drug was interrupted for 8

days or less. On the basis of the dose-limiting toxic events that occurred during cycle 1, the

Bayesian logistic-regression model permitted escalation to the 900-mg daily dose. However,

owing to persistent gastrointestinal adverse events of grade 2 and aminotransferase

elevations of grade 3 in later cycles, the MTD was determined to be 750 mg daily.

Table S4 in the Supplementary Appendix summarizes the adverse events (those occurring in

≥5% of patients) of any grade and any cause. The most common adverse events included

nausea (in 82% of patients), diarrhea (in 75%), vomiting (in 65%), fatigue (in 47%), and

increased alanine aminotransferase levels (in 35%). The most common adverse events of

grade 3 or 4 that were considered to be related to the study drug were increased alanine

aminotransferase levels (in 21% of patients), increased aspartate aminotransferase levels (in

11%), diarrhea (in 7%), and increased lipase levels (in 7%) (Table 2), all of which were

reversible on discontinuation of treatment.

We noted four cases of interstitial lung disease that were possibly related to ceritinib

therapy; all resolved with the discontinuation of ceritinib and the administration of standard

treatments. We also observed one case of asymptomatic grade 3 prolongation of the

corrected QT inter-Ceritinib in Non–Small-Cell Lung Cancer val that was possibly related to

ceritinib. A total of 66 of 130 patients (51%) required at least one dose reduction, and the

median duration of treatment interruption was 7.3 days. In 8 of 130 patients (6%), the study

drug was permanently discontinued owing to an adverse event. At the 750-mg dose level, 50

of 81 patients (62%) required at least one dose reduction; in 32 patients, this reduction

occurred in cycle 3 or later. No treatment-related deaths occurred.
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PHARMACOKINETICS

Pharmacokinetic analyses showed that exposure to ceritinib increased with the dose. The

increase in the maximal plasma concentration (Cmax) was slightly greater than proportional

to the dose across the daily dose range of 50 mg through 750 mg (Fig. S1A in the

Supplementary Appendix). During the 3-day pharmacokinetic evaluation period after the

administration of the first dose of ceritinib at the established MTD, Cmax of ceritinib was

achieved approximately 6 hours after receipt of the dose (Fig. S1B in the Supplementary

Appendix), and the mean terminal half-life of ceritinib was approximately 40 hours. The

mean (±SD) area under the plasma concentration–time curve over a 24-hour period on day 8

was 16,500±4750 ng per milliliter per hour. The mean Cmax was 800±205 ng per milliliter.

On the basis of trough concentrations after repeated daily dosing, steady-state levels of

ceritinib were achieved by approximately day 15.

EFFICACY

Tumor Response—Among the 8 patients with NSCLC treated with ceritinib at a dose of

50 to 300 mg daily, 2 had a confirmed partial response: 1 who had not received crizotinib

previously (daily ceritinib dose, 200 mg) and 1 who had received crizotinib previously

(daily ceritinib dose, 300 mg). A total of 114 patients with NSCLC received at least 400 mg

of ceritinib daily, of whom 1 (1%) had a confirmed complete response, 65 (57%) had a

confirmed partial response, and 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 (Fig. 1A, and Table S5 in the

Supplementary Appendix). 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).

The majority of patients with NSCLC who were treated with ceritinib had received

crizotinib previously (83 of 122 patients [68%]) (Table 1). Among patients previously

treated with crizotinib, the overall response rate was 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)

(Table S5 in the Supplementary Appendix). Some responses were rapid and dramatic (Fig.

1B). In addition, responses were seen in untreated lesions in the central nervous system in

patients who had received crizotinib previously (Fig. S2 in the Supplementary Appendix).

Similar tumor responses were observed in the group of patients who had not received

crizotinib previously. Among the 34 patients who had not received crizotinib previously and

who were treated with at least 400 mg of ceritinib daily, 21 had a partial response, for an

overall response rate of 62% (95% CI, 44 to 78).

Among the eight patients with advanced cancers other than NSCLC, two had a response to

ceritinib: one patient with anaplastic large-cell lymphoma, and one with inflammatory

myofibroblastic tumor. The remaining six patients, including four with advanced breast

cancer and increased ALK copy number, did not have a response to ceritinib (Table S6 in the

Supplementary Appendix).
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Duration of Response and Progression-free Survival—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. The median

duration of response was 8.2 months (95% CI, 6.9 to 11.4); however, data for 47% of the

patients with a response (31 of 66 patients) were censored at the time of data cutoff. Among

114 patients with NSCLC who received at least 400 mg of ceritinib daily, the median

follow-up was 9.5 months (range, 0.3 to 24.4), and the median progression-free survival was

7.0 months (95% CI, 5.6 to 9.5), with data for 43 patients (38%) censored.

In the subgroup of 80 patients with NSCLC who had previously received crizotinib, the

median progression-free survival was similar, at 6.9 months (95% CI, 5.3 to 8.8) (Fig. 2). In

the subgroup of 34 patients with NSCLC who had not received crizotinib previously, the

median progression- free survival was 10.4 months (95% CI, 4.6 to could not be estimated),

with data for 18 patients (53%) censored and a median follow-up of 9.5 months (Fig. 2).

Among 64 patients with central nervous system metastases at baseline, the median

progression-free survival (with a daily ceritinib dose of ≥400 mg) was similar to that among

50 patients without central nervous system metastases (6.9 and 7.0 months, respectively; P =

0.37 by the log-rank test).

The durations of treatment are shown in Fig. S3 in the Supplementary Appendix. At the time

of data cutoff, the overall survival data were immature, with data for 72% of the patients

having been censored. The overall survival rate at 12 months was 65%, and the median

overall survival had not been reached.

MOLECULAR DETERMINANTS OF RESPONSE

A total of 19 patients with NSCLC who had had disease progression during crizotinib

treatment underwent repeat tumor biopsy at one institution before study treatment. All the

samples were positive for ALK rearrangement according to FISH; 2 of the 19 samples

showed ALK gene amplification, and 5 were found to harbor secondary resistance mutations

in the ALK tyrosine kinase domain. In the remaining 12 cases, no genetic alteration of ALK

other than the original rearrangement was identified.

Tumor responses in this subgroup of patients classified according to molecular status are

summarized in Figure 3. Tumor regression was observed in all the patients, regardless of

molecular status. Confirmed responses were seen in 6 of 7 patients with ALK gene

amplification or mutation and in 7 of 12 patients without ALK alteration. These findings

suggest that the activity of ceritinib in patients whose tumors had progressed during

crizotinib treatment may be independent of the underlying mechanism of acquired

resistance.

DISCUSSION

Ceritinib showed clinical activity in patients with advanced, ALK-rearranged NSCLC.

Ceritinib at a dose of 400 mg or more daily was similarly effective in patients who had

received prior crizotinib treatment and in those who had not received crizotinib previously.
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Adverse events were primarily gastrointestinal and were of grade 1 or 2. Approximately half

the patients required some dose modification.

In NSCLC, the benefit of targeted therapies in subgroups classified according to molecular

status has been limited by the development of drug resistance. In the case of EGFR-mutated

NSCLC, irreversible pan-ERBB inhibitors have been developed to overcome resistance.

Despite promising activity in resistant models in preclinical studies, the response rates

reported with these agents among patients who have had a relapse during treatment with

first-generation EGFR inhibitors are less than 10%.26–28 In contrast, ceritinib was active in

the majority of patients with ALK-rearranged NSCLC who received crizotinib previously.

Among these patients, the overall response rate and median progression-free survival

observed with ceritinib were similar to those seen after initial crizotinib treatment. This

suggests that in patients with ALK-rearranged NSCLC, a more potent and specific ALK

inhibitor can effectively treat the majority of patients in whom resistance to crizotinib

develops.

Several distinct mechanisms of resistance to crizotinib have been described, including ALK

gene amplification and a variety of secondary resistance mutations in the ALK tyrosine

kinase domain.12,13,19 In the absence of ALK alterations, cell growth and survival in

preclinical models are often driven by alternative signaling pathways, and resistant cells are

presumed to be resistant to ALK inhibition. In this study, marked antitumor activity was

observed in patients treated with ceritinib, with responses occurring in the majority of

patients who had been treated with crizotinib, including those without an ALK mutation or

amplification. These findings suggest that the large majority of crizotinib-resistant tumors

may remain ALK-dependent and that an important factor contributing to crizotinib

resistance may be subtherapeutic inhibition of the target, which may be overcome by more

potent and structurally distinct ALK inhibitors such as ceritinib. Alternatively, ceritinib may

inhibit an unknown kinase that has not yet been found to play a role in the biology of these

tumors.

Overall, the safety profile of ceritinib was similar but not identical to that of crizotinib.

Gastrointestinal adverse events have been seen frequently with both drugs. However, drug-

related diarrhea of grade 3 or 4 was reported in 9 of 130 patients (7%) treated with ceritinib,

as compared with 0 of 321 patients treated with crizotinib.9,11 Similarly, ceritinib had a

higher incidence of grade 3 or 4 nausea than crizotinib (5% vs. 1%).9,11 Like crizotinib,

ceritinib was associated with liver-function abnormalities, most commonly an elevated level

of alanine aminotransferase (in 21% of patients). These abnormalities were not associated

with an elevated bilirubin level and resolved with temporary discontinuation of the study

drug.

Among patients with ALK-rearranged NSCLC for whom crizotinib is no longer effective,

more potent inhibition of the target by a structurally distinct ALK kinase inhibitor such as

ceritinib can induce substantial and durable responses in the majority of cases. Confirmatory

trials of the clinical activity of ceritinib in NSCLC are needed, involving patients who have

received prior crizotinib treatment and those who have not.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Response to Ceritinib in ALK-Rearranged Non–Small-Cell Lung Cancer (NSCLC)
Panel A shows the change in tumor size after patients received ceritinib at doses of 400 to

750 mg per day. The bars indicate the largest percentage change in target lesions from

baseline. The dashed line indicates a 30% reduction from baseline. Dots below individual

bars indicate patients with disease progression or death at the time of data cutoff. Panel B

shows positron- emission tomographic scans taken at baseline (left) and after 3.5 weeks of

ceritinib treatment (right) in a patient with crizotinib-resistant disease. Subsequent computed
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tomographic scans after 6 weeks of ceritinib treatment showed a 52% reduction in tumor

burden in this patient.
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Figure 2. Progression-free Survival
Shown are Kaplan–Meier estimates of progression-free survival among patients with

advanced, ALK-rearranged non–small-cell lung cancer (NSCLC) who received ceritinib at

doses of 400 to 750 mg daily. In these 114 patients, the median progression-free survival

was 7.0 months (blue). In the subgroup of 80 patients who had received crizotinib

previously, the median progression-free survival was 6.9 months (orange). In the subgroup

of 34 patients who had not received crizotinib previously, the median progression-free

survival was not reached (green). Vertical lines on the survival curves indicate censoring of

data.
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Figure 3. Correlation of Response to Ceritinib with ALK Gene Alteration among Patients with
Crizotinib Resistance
A total of 19 patients with crizotinib-resistant, ALK-rearranged non–small-cell lung cancer

underwent biopsy at one study site before the initiation of ceritinib. Shown here is the

largest percentage decrease in target lesions in these 19 patients. All the tumors were

positive for ALK rearrangement, on the basis of the standard fluorescence in situ

hybridization (FISH) assay with the use of break-apart probes. ALK genotypes are shown

above the bars. Amp denotes amplification of the ALK fusion gene as determined by means

of FISH, and NM no ALK mutation or amplification. Data are shown for patients who had

received crizotinib as the last therapy before ceritinib treatment (dark blue bars) and for

patients who received any intervening systemic therapy between crizotinib and ceritinib

(light blue bars). Dots below individual bars indicate patients with disease progression or

death at the time of data cutoff.
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Table 1

Characteristics of the Patients at Baseline.

Characteristic
All Patients

(N = 130)

Age — yr

   Median 53

   Range 22–80

Female sex — no. (%) 78 (60)

Race — no. (%)*

   White 97 (75)

   Asian 29 (22)

   Other 4 (3)

Smoking status — no. (%)

   Never smoked 81 (62)

   Former smoker 44 (34)

   Current smoker 5 (4)

ECOG performance status score — no. (%)†

   0 25 (19)

   1 89 (68)

   2 15 (12)

   3 1 (1)

Tumor type — no. (%)

   Non–small-cell lung cancer 122 (94)

   Breast cancer 4 (3)

   Alveolar rhabdomyosarcoma 1 (1)

   Inflammatory myofibroblastic tumor 1 (1)

   Anaplastic large-cell lymphoma 1 (1)

   Rectal adenocarcinoma 1 (1)

Select sites of metastases — no. (%)

   Lung 101 (78)

   Thoracic lymph nodes 73 (56)

   Brain 64 (49)

   Liver 51 (39)

   Bone 49 (38)

   Meninges 1 (1)

Prior crizotinib therapy for non–small-cell lung cancer — no./total no. (%)

   Yes 83/122 (68)

   No 39/122 (32)

*
Race was determined by the investigator.
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†
Eastern Cooperative Oncology Group (ECOG) performance status scores range from 0 to 5, with 0 indicating that the patient is fully active and

higher numbers indicating greater disability. One patient with an ECOG performance status score of 3 was enrolled with an eligibility waiver
because the score had changed from 2 to 3 during screening, after the patient had provided consent for the study.
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