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Abstract

Purpose: We examined safety outcomes of interest (SOI) and overall survival (OS) among

lung cancer patients initiating crizotinib and erlotinib in routine clinical practice.

Methods: This descriptive cohort study used routinely collected health data in Denmark,

Finland, Sweden, the Netherlands, and the United States (US) during 2011–2017, follow-

ing crizotinib commercial availability in each country. Among crizotinib or erlotinib initia-

tors, we reported baseline characteristics and incidence rates and cumulative incidences

of the SOI – hepatotoxicity, pneumonitis/interstitial lung disease, QT interval

prolongation-related events, bradycardia, vision disorders, renal cysts, edema, leukopenia,

neuropathy, photosensitivity, malignant melanoma, gastrointestinal perforation, cardiac

failure and OS. Results from the European Union (EU) countries were combined using

meta-analysis; results from the US were reported separately.

Results: There were 456 patients in the crizotinib cohort and 2957 patients in the

erlotinib cohort. Rates of the SOI per 1000 person-years in the crizotinib cohort

ranged from 0 to 65 in the EU and from 0 to 374 in the US. Rates of the SOI per

1000 person-years in the erlotinib cohort ranged from 0 to 91 in the EU and from

3 to 394 in the US. In the crizotinib cohort, 2-year OS was �50% in both EU and US.

In the erlotinib cohort, 2-year OS was 21% in the EU and 35% in the US.

Conclusions: This study describes clinical outcomes among lung cancer patients initi-

ating crizotinib or erlotinib in routine clinical practice. Differences between SOI rates

in EU and US may be partially attributable to differences in the underlying databases.

Prior presentations: The description of the study design and the initial patient counts were presented at the 33rd International Conference on Pharmacoepidemiology & Therapeutic Risk

Management, in Montréal, Canada, August, 2017 (Ehrenstein et al. Design of a Multinational Post-Authorization Safety Study (PASS) of Crizotinib, Pharmacoepidemiol. Drug Saf. 2017 26(S2)

311-312).
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1 | INTRODUCTION

Lung cancer is the most common malignancy.1 Patients with non-small

cell lung cancer (NSCLC) represent 85% of the cases2,3 and have a

5-year overall survival of 17%.4 Approximately 3%–5% of NSCLC tumors

harbor rearrangements of the anaplastic lymphoma kinase (ALK) gene,5,6

amounting to about 40 000 ALK-positive NSCLC cases worldwide.5 Sur-

vival and function of ALK-positive cancer cells depend on ALK

signaling,5,7 making ALK rearrangements a suitable therapeutic target.8,9

Crizotinib is an orally administered first-in-class selective small-molecule

tyrosine kinase inhibitor (TKI) targeting ALK rearrangements.10 Ceritinib

is the second agent approved after crizotinib to target ALK

rearrangements.11,12 Gefitinib and erlotinib have been used as targeted

therapy of NSCLC patients with EGRF mutations.13,14

In phase 3 trials of crizotinib, participants with advanced ALK-

positive NSCLC had a 1-year overall survival of 79%–84%,15,16 and

crizotinib treatment was associated with a longer - compared with che-

motherapy - progression-free survival among both previously treated

and treatment-naïve patients.15,16 Crizotinib was approved by the United

States (US) Food and Drug Administration (FDA) in August 2011 and by

the European Medicines Agency (EMA) in October 2012 for treatment

of advanced ALK-positive NSCLC.17,18 In randomized trials, common

adverse reactions associated with crizotinib therapy were vision and gas-

trointestinal disorders, and the most serious reactions were hepatotoxic-

ity, pneumonitis, and QT interval prolongation.17,18

The benefits and risks of crizotinib therapy must be assessed in

routine clinical practice. In this multinational cohort study conducted

in four countries of the European Union (EU) and in the US, we exam-

ined safety outcomes and overall survival in lung cancer patients initi-

ating crizotinib. As crizotinib is a first-in-class agent, there was no

suitable comparator treatment for this patient population. To put the

safety findings for crizotinib in context, all outcomes were assessed

among patients with lung cancer initiating gefitinib, erlotinib, or

ceritinib. This study was designated as a Post-authorization Safety

Study and fulfilled a post-approval commitment to the EMA.19

2 | METHODS

2.1 | Setting, design, and data sources

This cohort study was based on routinely collected health data in

Denmark, Finland, Sweden, the Netherlands, and the US. In the

Nordic countries, their entire populations are captured by population

registries, in a setting of universal government-provided equal access

to health care.20 In 2016, the populations numbered 5.6 million in

Denmark, 5.4 million in Finland, and 9.5 million in Sweden.20,21 The

Netherlands' data originated from the PHARMO Database Network,

with catchment population of 4 million (�25% of the country's popu-

lation),22,23 in a setting of insurance-based universal health care. In

the US, data originated from the Optum Research Database, covering

�12.6 million beneficiaries of commercial insurance (�3%–4% of the

total US population)24 (Table S1 in Data S2).

2.2 | Study period and population

The study period extended from September 1, 2011 to June

30, 2017, starting in each country on the date of commercial availabil-

ity of crizotinib. The study population included patients with a diagno-

sis of primary lung cancer who subsequently initiated crizotinib,

ceritinib, erlotinib, or gefitinib. The patient inclusion period ended

6 months before the latest available follow-up date in each country

(Figure S1 in Data S1). With the exception of Denmark, treatment

was identified from prescription or dispensing records; in Denmark,

where all cancer treatment takes place in hospitals,20 treatment was

identified from in-hospital procedure records. For simplicity, we here-

after collectively use the term “dispensing” to describe treatment

records. The date of the first dispensing of one of the 4 drugs was the

index date. To ensure capture of new drug users only, patients who

received an agent with the same molecular target within 6 months

before the index date were excluded, as follows: (1) among patients

initiating erlotinib or gefitinib, we excluded patients with a previous

Key Points

• This descriptive study reports safety outcomes and over-

all survival (OS) among patients with lung cancer initiating

crizotinib or erlotinib in routine clinical care in 4 European

countries and in the United States (US)

• Rates of safety outcomes varied in the combined

European population and the US

• 2-year OS following treatment start was �50% among

initiators of crizotinib both in Europe and in the US. In

the erlotinib cohort, 2-year post-treatment OS was 21%

in Europe and 35% in the US

• Lack of data on treatment line is an important limitation

of this study
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dispensing of erlotinib or gefitinib; and (2) among patients initiating

crizotinib or ceritinib, we excluded patients with a previous dispensing

of crizotinib or ceritinib. Furthermore, we excluded patients with

<6 months of data in a given database before the index date. On the

index date, each eligible patient entered one of the 4 cohorts:

crizotinib cohort; ceritinib cohort; erlotinib cohort, or gefitinib cohort.

2.3 | Outcomes

The safety outcomes of interest (SOI) were: hepatotoxicity, pneumo-

nitis/interstitial lung disease (ILD), QT interval prolongation-related

events, bradycardia, vision disorders, renal cysts, edema, leukopenia,

neuropathy, photosensitivity, malignant melanoma, gastrointestinal

(GI) perforation, cardiac failure, and all-cause death. Furthermore, we

assessed overall survival (OS) from treatment start (index date).

2.4 | Other variables

We assessed patients' baseline characteristics: age, sex, selected com-

orbidities, Charlson Comorbidity Index score,25,26 and medication use.

The look-back period was up to 5 years for comorbidities and up to

6 months for medications.

All study variables were defined based on routinely collected data

on diagnoses, treatments, and procedures available in each data

source. The algorithms were developed based on literature and expert

input. Availability of specific types of data varied by country; data on

primary cancer type, treatment, and SOI were available in all countries

(Data S3).

2.5 | Statistical analysis

First, we summarized cohort-specific baseline characteristics using

appropriate summary statistics. Second, we computed incidence rates

and cumulative incidences for the SOI, and OS in each cohort. Inci-

dence rates were computed over the total follow-up time (total inci-

dence rates) and over the on-treatment period (on-treatment

incidence rates). For the total incidence rates, follow-up was censored

by death, emigration, or the study end date. For on-treatment inci-

dence rates, follow-up was additionally censored by discontinuation

or switch of the drug initiated on the index date. A patient was con-

sidered to continue treatment as long as there was ≤28 days between

the end of the days supplied in one dispensing and the date of the

next dispensing. Treatment discontinuation was defined by >28 days

elapsed after the end of days supplied in a given dispensing, in the

absence of a new dispensing. A treatment switch was defined as the

dispensing of another study drug before discontinuation of the drug

dispensed on the index date. Cumulative incidences of the SOI were

computed over 2 years of follow-up, with death as a competing risk.27

Only incident SOI were counted, patients with a given SOI at baseline

were excluded; different SOI did not censor one another. 1- and

2-year OS were computed using the Kaplan–Meier product-limit esti-

mator (2 years of follow-up was available in all databases).28 All esti-

mates were reported with 95% confidence intervals (CIs). Per

protocol, all analyses were descriptive.

Data in each database were analyzed according to a common pro-

tocol.19 Subsequently, results from the four EU countries were com-

bined in a random-effects meta-analysis,29 using the I2 statistic to

quantify between-country heterogeneity.30,31 The US results were

reported separately. To comply with data protection regulations, some

results were masked to avoid identification of individuals.32 Data S4

contains country-specific results.

We used SAS version 9.3 or higher (SAS Corp. Cary, NC), R, or

STATA version 15.

This study received approvals from the Danish Data Protection

Agency (record 2015-57-0002/AU489); Ethical Review Board of

the Hospital District of Helsinki and Uusimaa, Finland (HUS)

(record 321/13/03/00/15); Social Insurance Institution (record

85/522/2015); Population Register Centre (record 1940/410/15);

Statistics Finland (record TK53-1371-15); the Finnish National

Assessed for eligibility 
n = 5,079 

Excluded n = 1,466 
 Did not fulfil the new user definition (n = 838)
 Baseline period <6 months (n = 153) 
 No primary lung cancer diagnosis (n = 475) 

Included 
n = 3,613 

Crizotinib 
n = 456 

Ceritinib 
n = 10 

Erlotinib 
n = 2,957 

Gefitinib 
n = 190 F IGURE 1 Identification of the

study population
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TABLE 1 Baseline demographic and clinical characteristics of patients with primary lung cancer by treatment cohort, EU combined (meta-
analysis) and US populations

Characteristicsa

EU combined population United States population

Crizotinib (N = 278) Erlotinib (N = 2121) Crizotinib (N = 178) Erlotinib (N = 836)

Country, n (%)

Denmark 79 (28.4) 855 (40.3)

Finland 25 (9.0) 323 (15.2)

Netherlands 32 (11.5) 61 (2.9)

Sweden 142 (51.1) 882 (41.6)

Age group, years, n (%)

<50 54 (19.4) 94 (4.4) 46 (25.8) 96 (11.5)

50 to 59 58 (20.9) 306 (14.4) 72 (40.4) 280 (33.5)

60 to 69 98 (35.3) 792 (37.3) 51 (28.7) 338 (40.4)

70 to 79 56 (20.1) 688 (32.4) Masked 78 (9.3)

80+ 12 (4.3) 241 (11.4) Masked 44 (5.3)

Age at index date, years

Median (range) 62.8 (23.7–84.0) 68.3 (24.0–91.2) 55.0 (49.0–61.0) 61.0 (54.0–65.0)

Sex, n (%)

Men 122 (43.9) 890 (42.0) 83 (46.6) 375 (44.9)

Women 156 (56.1) 1231 (58.0) 95 (53.4) 461 (55.1)

Race/ethnicity, n (%)

Asian NA NA 8 (4.5) 46 (5.5)

Black NA NA 14 (7.9) 71 (8.5)

Hispanic NA NA 11 (6.2) 52 (6.2)

White NA NA 128 (71.9) 602 (72.0)

Unknown 278 (100.0) 2121 (100.0) 17 (9.6) 65 (7.8)

Lung cancer morphology, n (%)

NSCLC 250 (89.9) 1975 (93.1) NA NA

Other/unknown 28 (10.1) 146 (6.9) NA NA

Lung cancer histology, n (%)

Adenocarcinoma 220 (79.1) 1628 (76.8) NA NA

Squamous cell carcinoma 6 (2.2) 171 (8.1) NA NA

Other/unknown 52 (18.7) 322 (15.2) NA NA

Stage at diagnosis, n (%)

Stage I-II 14 (5.1) 206 (9.7) NA NA

Stage III 17 (6.1) 224 (10.6) NA NA

Stage IV 161 (57.9) 1114 (52.5) NA NA

Unknown or not reported as TNM stageb 86 (30.9) 577 (27.2) NA NA

Genotyping, n (%)

ALK rearrangement 78 (28.1) Masked NA NA

EGFR mutation Masked 311 (14.7) NA NA

Both ALK rearrangement and EGFR mutation 0 (0.0) Masked NA NA

Not ALK or EGFR Masked 6 (0.3) NA NA

Unknown 191 (68.7) 1801 (84.9) 178 (100.0) 836 (100.0)

Year of lung cancer diagnosis, n (%)

Before 2011 23 (8.3) 161 (7.6) 26 (14.6) 133 (15.9)

2011–2012 32 (11.5) 486 (22.9) 42 (23.6) 380 (45.5)

2013–2014 124 (44.6) 1020 (48.1) 77 (43.3) 240 (28.7)

2015–2016 99 (35.6) 454 (21.4) 33 (18.5) 83 (9.9)

(Continues)
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Institute for Health and Welfare (record 1312/5.05.00/2015); Regional

Ethical Board in Stockholm, Sweden (record 2015/1548-31/4);

PHARMO Compliance Commission; an Independent Review Board and

Privacy Board and Deidentification Determination Program; the

New England Independent Review Board (IRB#120160394, Legacy

IRB#15-319) in the US. The study was registered in the European Union

Register of Post-Authorization Studies (EUPAS8097).19

3 | RESULTS

3.1 | Participants

During the study period, there were 5079 patients with a dispensing

of crizotinib, ceritinib, gefitinib, or erlotinib. Of those, 1466 did not

fulfill the eligibility criteria and were excluded. Among the 3613

TABLE 1 (Continued)

Characteristicsa

EU combined population United States population

Crizotinib (N = 278) Erlotinib (N = 2121) Crizotinib (N = 178) Erlotinib (N = 836)

Time since primary lung cancer diagnosis, months

Mean (standard deviation) 15.6 (23.3) 14.6 (18.8) 9.8 (14.5) 12.0 (13.6)

Range 0.0–153.4 0.0–293.4 1.1–11.7 2.1–16.0

Comorbidities up to 5 years prior to diagnosis, n (%)

Pneumonitis/ILD 57 (20.5) 309 (14.6) 77 (43.3) 347 (41.5)

QT interval prolongation-related events 10 (3.6) 77 (3.6) 98 (55.1) 414 (49.5)

Vision disorders 19 (6.8) 132 (6.2) 19 (10.7) 85 (10.2)

Edema 8 (2.9) 44 (2.1) 59 (33.1) 203 (24.3)

Leukopenia 21 (7.6) 160 (7.5) 48 (27.0) 313 (37.4)

Neuropathy 27 (9.7) 247 (11.6) 84 (47.2) 466 (55.7)

Brain metastases 31 (11.2) 235 (11.1) 54 (30.3) 267 (31.9)

Hepatic impairment 11 (4.0) 38 (1.8) 43 (24.2) 158 (18.9)

Renal impairment 6 (2.2) 98 (4.6) 40 (22.5) 212 (25.4)

Diabetes type 1 or type 2 27 (9.7) 299 (14.1) 60 (33.7) 313 (37.4)

Chronic lung disease 25 (9.0) 333 (15.7) 56 (31.5) 384 (45.9)

Chronic obstructive pulmonary disease 15 (5.4) 267 (12.6) 27 (15.2) 290 (34.7)

Charlson comorbidity index score, n (%)

Low (0) 103 (37.1) 628 (29.6) 12 (6.7) 51 (6.1)

Medium (1, 2) 31 (11.2) 401 (18.9) 11 (6.2) 63 (7.5)

High (3+) 144 (51.8) 1092 (51.5) 155 (87.1) 722 (86.4)

Medications in previous 6 months, n (%)

Oral antidiabetics and insulin 16 (5.8) 252 (11.9) 53 (29.8) 272 (32.5)

Any cardiovascular medications 122 (43.9) 1459 (68.8) 79 (44.4) 344 (41.1)

Diuretics 57 (20.5) 680 (32.1) 33 (18.5) 158 (18.9)

Beta blockers 55 (19.8) 696 (32.8) 45 (25.3) 190 (22.7)

Calcium-channel blockers 42 (15.1) 557 (26.3) 22 (12.4) 132 (15.8)

Angiotensin-converting enzyme inhibitors 42 (15.1) 515 (24.3) 27 (15.2) 106 (12.7)

Angiotensin II receptor antagonists 35 (12.6) 393 (18.5) 22 (12.4) 93 (11.1)

Statins 55 (19.8) 706 (33.3) 37 (20.8) 201 (24.0)

Systemic corticosteroids 176 (63.3) 1339 (63.1) 100 (56.2) 487 (58.3)

Anticonvulsants 25 (9.0) 271 (12.8) 45 (25.3) 215 (25.7)

Antipsychotics 15 (5.4) 96 (4.5) 5 (2.8) 32 (3.8)

Anti-asthma medications 86 (30.9) 775 (36.5) 86 (48.3) 373 (44.6)

Abbreviations: ALK, anaplastic lymphoma kinase; EGFR, epidermal growth factor receptor; ILD, interstitial lung disease; NA, not available; NSCLC, non-

small cell lung cancer; TNM, tumor, node, metastasis.
aCertain values are masked, in compliance with data protection regulations, to prevent potential identification of individuals.
bFor stage distribution in all countries separately, see Data S4.
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TABLE 2 Incidence rates of safety events of interest among patients with primary lung cancer who initiated crizotinib, EU combined (meta-
analysis) and US populations

Outcomesa Population

Crizotinib, total follow-up Crizotinib, on-treatment follow-up

n/PY

Incidence rate per 1000 PY

(95% CI) I2, % n/PY

Incidence rate per 1000 PY

(95% CI) I2, %

Bradycardia

EU Masked 12.0 (0.0–25.2) 0.0 Masked 12.0 (0.0–27.7) 0.0

US 21/142.0 147.9 (91.5–226.0) 16/112.5 142.2 (81.3–231.0)

Hepatotoxicity

EU Masked 7.2 (0.0–18.2) 0.0 Masked 2.3 (0.0–14.1) 0.0

US 7/175.1 40.0 (16.1–82.4) 5/136.9 36.5 (11.9–85.2)

Pneumonitis/ILD

EU 18/228.3 64.9 (22.1–107.8) 36.0 13/162.0 60.2 (8.8–111.7) 37.6

US 26/94.7 274.5 (179.3–402.2) 21/74.1 283.2 (175.3–432.9)

QT interval prolongation-

related events

EU 5/287.7 13.9 (0.0–28.4) 0.0 5/202.2 21.5 (0.1–42.8) 0.0

US 26/69.4 374.6 (244.7–548.9) 23/59.4 387.0 (245.3–580.7)

Vision disorder

EU 7/278.2 15.9 (0.0–33.3) 11.1 7/195.7 25.0 (1.5–48.5) 0.0

US 17/148.6 114.4 (66.7–183.2) 16/117.7 135.9 (77.7–220.7)

Renal cysts

EU 0/301.8 0.0 (0.0–8.0) 0.0 0/213.0 0.0 (0.0–11.0) 0.0

US 0/175.3 0.0 (0.0–21.0) 0/135.6 0.0 (0.0–27.2)

Edema

EU 6/299.7 13.2 (0.2–26.1) 0.0 5/211.4 15.5 (0.0–32.2) 0.0

US 10/173.7 57.6 (27.6–105.8) 10/135.2 74.0 (35.5–136.0)

Leukopenia

EU 8/298.7 21.3 (3.6–38.9) 0.0 5/211.7 21.6 (0.7–42.5) 0.0

US 22/170.1 129.4 (81.1–195.9) 13/135.2 96.2 (51.2–164.4)

Neuropathy

EU 20/266.2 60.4 (4.3–116.5) 70.8 13/186.2 53.1 (8.9–97.3) 32.3

US 29/81.2 357.0 (239.1–512.7) 26/68.5 379.5 (247.9–556.0)

Photosensitivity

EU 0/301.8 0.0 (0.0–8.0) 0.0 0/213.0 0.0 (0.0–11.0) 0.0

US Masked 17.0 (3.5–49.8) Masked 7.3 (0.2–40.6)

Malignant melanoma

EU Masked 3.8 (0.0–14.5) 0.0 Masked 6.7 (0.0–22.5) 0.0

US Masked 17.0 (3.5–49.8) Masked 22.0 (4.5–64.3)

Gastrointestinal perforation

EU Masked 3.1 (0.0–12.6) 0.0 Masked 5.0 (0.0–18.5) 0.0

US 5/174.2 28.7 (9.3–67.0) Masked 29.6 (8.1–75.9)

Cardiac failure

EU Masked 11.3 (0.0–25.0) 0.0 Masked 5.0 (0.0–18.6) 0.0

US 10/166.1 60.2 (28.9–110.7) 8/128.0 62.5 (27.0–123.2)

All-cause deathb

EU 117/301.8 334.2 (206.1–462.4) 71.8 59/213.0 258.2 (183.7–332.8) 12.9

US 17/56.1 302.9 (176.5–485.0) 8/41.2 194.0 (83.8–382.3)

Note: All estimates are computed excluding patients wih a given SOI at basline.

Abbreviations: CI, confidence interval; ILD, interstitial lung disease; n, number of cases; PY, person-years.
aCertain values are masked, in compliance with data protection regulations, to prevent potential identification of individuals.
bData on deaths in 2016 may be incomplete in the Netherlands; in the US, permission to ascertain death was available on only a subset of patients, due to privacy

restrictions of the health plan.
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included patients, 456 entered the crizotinib cohort, 10 entered the

ceritinib cohort, 2957 entered the erlotinib cohort, and 190 entered the

gefitinib cohort (Figure 1). Of the 190 patients in the gefitinib cohort,

93 (49%) originated from Sweden and 77 (41%) originated from Finland.

The low number of gefitinib-treated patients is consistent with published

2013–2018 drug utilization statistics.33-35 Since most patients entered

either the crizotinib or the erlotinib cohort, and the size of the remaining

cohorts did not allow for meaningful analysis, the reporting below

focuses on the crizotinib and the erlotinib cohorts.

Table 1 shows baseline characteristics of the crizotinib and

erlotinib cohorts. Overall there were more women than men, and, on

average, EU patients were older than US patients, both in the

crizotinib cohort (median age 62.8 vs. 55.0 years) and in the erlotinib

cohort (median age 68.3 vs. 61.0 years). Mean time from primary

lung cancer diagnosis date until index date was longer in the com-

bined EU population than in the US population both in the crizotinib

(15.6 vs. 9.8 months) and in the erlotinib (14.6 vs. 12.0 months)

cohort. Prevalence of most comorbidities was lower in the combined

EU population than in the US population (Table 1). In the combined

EU population, nearly all patients could be identified as having

NSCLC, and a majority of patients with available data on stage had

stage IV lung cancer at diagnosis. Data on tumor morphology or

stage was unavailable in the US. Based on genotyping data, available

in Denmark and in the Netherlands, the predominant recorded can-

cer genotype was consistent with the TKI cohort entered (see Data

S4 for details).

TABLE 3 Two-year cumulative incidences of safety events of interest among patients with primary lung cancer who initiated crizotinib, EU
combined (meta-analysis) and US populations

Outcomea Population n/N Cumulative incidence (95% CI), % I2, %

Bradycardia EU Masked 1.1 (0.0–3.0) 0.0

US 20/150 16.9 (10.5–24.7)

Hepatotoxicity EU Masked 0.8 (0.0–3.1) 0.0

US 6/178 3.8 (1.5–7.8)

Pneumonitis/ILD EU 18/221 9.2 (4.5–15.0) 22.0

US 25/101 30.6 (20.0–42.0)

QT interval prolongation-related events EU 5/268 1.0 (0.0–3.1) 0.0

US 21/80 26.8 (17.6–36.9)

Vision disorder EU 7/259 2.2 (0.4–5.1) 9.0

US 16/159 14.8 (8.3–23.1)

Renal cysts EU 0/278 0.0 (0.0–0.5) 0.0

US 0/173 0.0 (0.0–0.0)

Edema EU 6/278 1.8 (0.0–5.3) 33.1

US 10/178 6.8 (3.4–11.9)

Leukopenia EU 8/278 2.2 (0.2–5.6) 28.4

US 22/178 14.3 (9.1–20.6)

Neuropathy EU 20/251 8.8 (1.9–19.1) 72.4

US 27/94 32.7 (22.5–43.3)

Photosensitivity EU 0/278 0.0 (0.0–0.5) 0.0

US Masked 1.3 (0.3–4.4)

Malignant melanoma EU Masked 0.2 (0.0–1.6) 0.0

US Masked 1.8 (0.5–4.8)

Gastrointestinal perforation EU Masked 0.1 (0.0–1.2) 0.0

US 5/178 3.2 (1.2–6.9)

Cardiac failure EU Masked 0.5 (0.0–2.1) 0.0

US 10/164 6.8 (3.4–11.7)

All-cause deathb EU 113/278 43.9 (28.4–60.0) 80.5

US 17/62 35.3 (21.5–49.3)

Note: All estimates are computed excluding patients whose conditions were prevalent rather than incident with a given SOI at baseline.

Abbreviations: CI, confidence interval; ILD, interstitial lung disease; n, number of cases; N, number at risk.
aCertain values are masked, in compliance with data protection regulations, to prevent potential identification of individuals.
bData on deaths in 2016 were incomplete in the Netherlands; in the US, permission to ascertain death was available on only a subset of patients, due to

privacy restrictions of the health plan.
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3.2 | Safety outcomes of interest

Table 2 shows total and on-treatment incidence rates of the SOI in

the crizotinib cohort. The incidence rates and cumulative inci-

dences of nearly all SOI were substantially, often by an order of

magnitude, higher in the US than in the EU. Incidence rates (per

1000 person-years) of vision disorders were 15.9 (95% CI:

0.0–33.3) in the combined EU population and 114.4 (95% CI:

66.7–183.2) in the US population. The corresponding incidence

rates were 3.1 (95% CI: 0.0–12.6) and 28.7 (95% CI: 9.3–67.0) for

GI perforation; 13.9 (95% CI: 0.0–28.4) and 374.6 (95% CI:

244.7–548.9) for QT interval prolongation-related events; and 64.9

(95% CI: 22.1–107.8) and 274.5 (95% CI: 179.3–402.2) for pneu-

monitis/ILD. On-treatment incidence rates were higher than total

incidence rates for QT interval prolongation-related events, vision

disorders, and edema. Rates of all-cause death (per 1000 person-

years) were comparable: 334.2 (95% CI: 206.1–462.4) in the com-

bined EU population and 302.9 (95% CI: 176.5–485.0) in the US

(Table 2). Table 3 shows 2-year cumulative incidences of the SOI in

the crizotinib cohort.

TABLE 4 Incidence rates of safety events of interest among patients with primary lung cancer who initiated erlotinib, EU combined (meta-
analysis) and US populations

Outcomea Population

Erlotinib, total follow-up Erlotinib, on-treatment follow-up

n/PY
Incidence rate per 1000
PY (95% CI)

I2,
% n/PY

Incidence rate per 1000
PY (95% CI)

I2,
%

Bradycardia EU 10/1853.5 5.0 (1.8–8.2) 0.0 Masked 2.3 (0.0–5.3) 0.0

US 65/647.0 100.5 (77.5–128.1) 39/422.3 92.3 (65.7–126.2)

Hepatotoxicity EU Masked 1.1 (0.0–2.8) 0.0 Masked 0.5 (0.0–2.7) 0.0

US 43/746.5 57.6 (41.7–77.6) 29/474.5 61.1 (40.9–87.8)

Pneumonitis/ILD EU 163/1582.0 74.3 (19.3–129.4) 94.4 92/992.9 67.4 (16.6–118.2) 89.2

US 130/415.9 312.6 (261.2–371.2) 92/277.0 332.2 (267.8–407.4)

QT interval prolongation-

related events

EU 39/1816.0 17.5 (6.5–28.4) 62.5 24/1140.4 20.1 (11.7–28.5) 0.0

US 108/364.7 296.1 (242.9–357.5) 71/258.6 274.6 (214.5–346.3)

Vision disorder EU 29/1753.8 12.5 (2.9–22.1) 63.9 21/1092.0 14.9 (3.2–26.6) 52.1

US 32/668.9 47.8 (32.7–67.5) 16/429.7 37.2 (21.3–60.5)

Renal cysts EU 0/1885.4 0.0 (0.0–1.2) 0.0 0/1183.4 0.0 (0.0–2.0) 0.0

US Masked 2.6 (0.3–9.5) Masked 4.2 (0.5–15.1)

Edema EU 32/1867.3 13.8 (1.8–25.8) 75.8 22/1172.5 16.0 (0.0–32.0) 73.2

US 26/760.5 34.2 (22.3–50.1) 15/481.2 31.2 (17.4–51.4)

Leukopenia EU 52/1853.8 24.9 (3.7–46.0) 90.4 26/1180.5 17.4 (0.0–36.2) 85.1

US 147/663.4 221.6 (187.2–260.4) 93/462.7 201.0 (162.2–246.2)

Neuropathy EU 161/1627.9 90.7 (28.8–152.7) 94.4 97/1032.5 88.8 (35.3–142.3) 85.3

US 109/277.1 393.3 (323.0–474.5) 76/201.5 377.2 (297.2–472.1)

Photosensitivity EU 45/1834.7 17.4 (0.0–35.2) 87.8 44/1152.3 26.9 (0.0–54.0) 85.5

US 98/664.2 147.6 (119.8–179.8) 85/425.3 199.9 (159.6–247.1)

Malignant melanoma EU 11/1856.1 4.6 (1.3–7.8) 3.5 6/1166.8 3.7 (0.0–9.4) 38.5

US Masked 2.6 (0.3–9.5) Masked 4.2 (0.5–15.0)

Gastrointestinal

perforation

EU 8/1879.9 4.2 (1.2–7.2) 0.0 4/1181.2 1.4 (0.0–4.7) 13.0

US 27/747.7 36.1 (23.8–52.5) 16/471.0 34.0 (19.4–55.2)

Cardiac failure EU 27/1822.0 12.9 (4.6–21.2) 53.2 16/1143.4 11.4 (5.2–17.6) 0.0

US 46/699.9 65.7 (48.1–87.7) 24/445.2 53.9 (34.5–80.2)

All-cause deathb EU 1594/1885.7 663.0 (190.0–1136.1) 99.5 718/1183.7 470.5 (212.8–728.2) 97.5

US 132/207.2 637.0 (533.0–755.5) 72/136.9 526.1 (411.6–662.5)

Note: All estimates are computed excluding patients with a given SOI at baseline.

Abbreviations: CI, confidence interval; ILD, interstitial lung disease; n, number of cases; PY, person-years.
aCertain values are masked, in compliance with data protection regulations, to prevent potential identification of individuals.
bData on deaths in 2016 may be incomplete in the Netherlands; in the US, permission to ascertain death was available on only a subset of patients, due to

privacy restrictions of the health plan.
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Table 4 shows total and on-treatment incidence rates of the SOI

in the erlotinib cohort. The incidence rates of vision disorders (per

1000 person-years) were 12.5 (95% CI: 2.9–22.1) in the EU popula-

tion and 47.8 (95% CI: 32.7–67.5) in the US population. The

corresponding incidence rates were 4.2 (95% CI: 1.2–7.2) and 36.1

(95% CI: 23.8–52.5) for GI perforation; 17.5 (95% CI: 6.5–28.4) and

296.1 (95% CI: 242.9–357.5) for QT interval prolongation-related

events; and 74.3 (95% CI: 19.3–129.4) and 312.6 (95% CI:

261.2–371.2) for pneumonitis/ILD. Table 5 shows 2-year cumulative

incidences of the SOI in the erlotinib cohort.

Median on-treatment follow-up was shorter than median total

follow-up in all countries and both cohorts (Table S2 in Data S1).

3.3 | Overall survival

In the crizotinib cohort, crude 1-year OS was 66.5% (95% CI: 60.3% -

71.9%) and 2-year OS was 49.0% (95% CI: 41.5% - 56.2%) in the com-

bined EU population. In the US population, crude 1-year OS was

65.6% (95% CI: 48.2% - 78.4%) and crude 2-year OS was 50.1% (95%

CI: 29.7% - 67.5%) (Figure S2 in Data S1).

In the erlotinib cohort, crude 1-year OS was 40.1% (95% CI:

37.9% - 42.2%) and crude 2-year OS was 21.3% (95% CI: 19.3% -

23.3%) in the combined EU population. In the US population, crude

1-year OS was 50.1% (95% CI: 43.1% - 56.8%) and crude 2-year OS

was 35.0% (95% CI: 27.2% - 42.8%) (Figure S3 in Data S1).

TABLE 5 Two-year cumulative incidences of safety events of interest among patients with primary lung cancer who initiated erlotinib, EU
combined (meta-analysis) and US populations

Outcomea Population n/N Cumulative incidence (95% CI), % I2, %

Bradycardia EU 8/2088 0.3 (0.0–0.7) 0.0

US 63/715 9.5 (7.4–12.0)

Hepatotoxicity EU Masked 0.0 (0.0–0.1) 0.0

US 40/836 5.2 (3.8–7.0)

Pneumonitis/ILD EU 151/1812 7.0 (3.8–11.1) 84.7

US 123/489 27.4 (23.2–31.7)

QT interval prolongation-related events EU 37/2044 1.2 (0.7–1.8) 0.0

US 88/422 20.9 (17.1–24.9)

Vision disorder EU 27/1989 1.1 (0.3–2.2) 61.7

US 29/751 4.3 (2.9–6.0)

Renal cysts EU 0/2120 0.0 (0.0–0.0) 0.0

US Masked 0.2 (0.1–0.8)

Edema EU 30/2121 1.2 (0.2–2.7) 77.0

US 22/836 3.1 (2.0–4.6)

Leukopenia EU 51/2121 2.2 (0.2–6.0) 93.4

US 139/836 18.1 (15.4–21.0)

Neuropathy EU 153/1870 8.6 (3.8–14.9) 92.0

US 99/370 28.8 (24.0–33.9)

Photosensitivity EU 43/2121 1.3 (0.1–3.5) 87.8

US 95/836 11.8 (9.7–14.2)

Malignant melanoma EU 11/2101 0.4 (0.1–0.8) 0.0

US Masked 0.4 (0.1–1.3)

Gastrointestinal perforation EU 8/2121 0.3 (0.0–0.6) 0.0

US 25/836 3.2 (2.1–4.7)

Cardiac failure EU 24/2046 0.9 (0.1–2.2) 70.9

US 42/766 5.9 (4.3–7.8)

All-cause deathb EU 1529/2121 64.2 (47.6–79.3) 97.9

US 128/265 49.8 (43.4–55.8)

Note: All estimates are computed excluding patients whose conditions were prevalent rather than incidentwith a given SOI at baseline.

Abbreviations: CI, confidence interval; ILD, interstitial lung disease; n, number of cases; N, number at risk.
aCertain values are masked, in compliance with data protection regulations, to prevent potential identification of individuals.
bData on deaths in 2016 may be incomplete in the Netherlands; in the US, permission to ascertain death was available on only a subset of patients, due to

privacy restrictions of the health plan.
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4 | DISCUSSION

4.1 | Main findings

In this study, evaluating real-world outcomes in lung cancer

patients, spanning population-based data from five countries, rates

of the SOI in the crizotinib cohort ranged from 0 to 65 per 1000

person-years in the combined EU patient population and from 0 to

374 per 1000 person-years in the US patient population. Rates of

the SOI in the erlotinib cohort ranged from 0 to 91 per 1000

person-years in the EU combined patient population and from 3 to

394 per 1000 person-years in the US population. In the crizotinib

cohort, 2-year OS was �50% in both EU and US. In the erlotinib

cohort, 2-year OS was 21% in the EU and 35% in the US. The

number of crizotinib users was small, reflecting the low prevalence

of the ALK-rearrangement in the NSCLC patient population, but

also potentially reflecting clinical decisions about whether to per-

form molecular testing. Given lack of an appropriate comparator

for a first-in-class agent such as crizotinib, no comparative analysis

was planned. Nevertheless, absolute rates and risks of the SOI and

OS are important information for clinicians treating patients with

lung cancer.

4.2 | Interpretation

The results of this study in the EU and US should be interpreted in

light of several inherent differences in the underlying patient

populations and databases. First, crizotinib was approved for the

first-line treatment during the entire study period in the US, but only

for part of the study period in the EU.17,18 This could partially

account for the shorter mean time between lung cancer diagnosis

and TKI treatment initiation in the US. Second, the EU and US differ

with respect to health care access, which is universal in the EU and

insurance- or employment-based in the US. As a result, patients in

the EU databases may represent their respective populations, while

patients in the US database represent a relatively younger and more

affluent population, which is more likely to be employed than the

underlying US population.36-38 In this light, the greater burden of

comorbidity and higher rates and risks of most SOI observed in the

US population are surprising. Thus, an important source of differ-

ences in EU versus US SOI occurrence may stem from fundamental

differences in the mechanisms that generate database records. In

the EU, we used administrative healthcare data, with diagnoses origi-

nating predominantly from the hospital sector, while the US dataset

contained claims data from all healthcare sectors, including physi-

cians' visits outside hospitals. Therefore, definitions of study vari-

ables are likely be more specific, capturing more severe events

leading to hospital encounters when applied to the EU data, and

more sensitive, identifying larger proportion of events when applied

to the US data. These differences support the separate reporting of

the US results underscore the importance of interpreting the results

in the context of the underlying databases.

4.3 | Limitations

Studies relying on routinely collected health data have a number of

inherent limitations. While coded data in most cases are indicative of

the patient's disease state, they nevertheless may contain errors. For

example, in the US data, recorded diagnoses may include both true and

rule-out diagnoses, recorded as a justification for billed tests or proce-

dures. This can lead to overestimation of event occurrences and may

partially explain the higher prevalence of baseline conditions and higher

risks of SOI in the US compared with the EU. At the same time, data

from hospital encounters used in the EU may preferentially capture

only more severe cases of a given condition. Administrative data are

incomplete with respect to signs and symptoms (such as bradycardia,

edema, or photosensitivity in the current study),39 underestimation of

the risks of these conditions. Data on death are nearly complete in the

Nordic countries and in the US. In the PHARMO database, data on

death may be incomplete for patients included in a recent period.

Another important limitation lack of data on treatment line. Data on

molecular testing was unavailable in Sweden and US, which provided

most crizotinib users. Finally, the study does not allow attribution of a

SOI to a TKI treatment versus other treatments (such as chemother-

apy), or the underlying disease. Despite these limitations, studies based

on routinely collected health data offer an efficient opportunity to

assess safety outcomes among patients treated with newly approved

medicines in routine clinical practice.21,40,41

4.4 | Other evidence

Vision and gastrointestinal disorders are the most commonly reported

crizotinib-related toxicities in randomized trials.15,42 However, this

was not observed uniformly in the current study. Lower incidence of

vision disturbances were expected because most are mild and may be

under-recorded. As well, some laboratory test results, such as abnor-

mal liver enzymes, are not well captured by diagnostic codes. At the

same time, pneumonitis was among the more common outcomes

observed in the current study, based on the diagnostic codes. Identifi-

cation of outcomes in routine clinical data are likely to be less sensi-

tive than those in clinical studies with primary data collection with

detailed questions about health events. Edema, renal cysts, and GI

perforation were reported as rare in trials.15,42 consistently with the

present study. Neuropathy, relatively commonly observed in the pre-

sent study, may be the result of cancer itself: in trials, neuropathy

occurred with similar frequency in crizotinib-treated and

chemotherapy-treated patients.15,42

In the US, a potentially higher proportion of patients received

first-line treatment with crizotinib, which is corroborated in by evi-

dence from other observational studies.43,44 Among trial participants

receiving crizotinib, 1-year OS was 84% in patients receiving it as

first-line treatment.42 In our study, 1-year OS in the crizotinib cohort

was approximately 66% both in the EU and in the US populations. In

other observational studies, collectively including 573 ALK-positive

crizotinib-treated NSCLC patients, with proportion of patients on
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crizotinib treated in first line 34% - 65%, median OS ranged between

20 and 24 months,43-45 which is in agreement with the �50% 2-year

OS in our study.

5 | CONCLUSION

The results of this study can be used to inform clinicians about the

magnitude of absolute risks of potential adverse outcomes and

expected overall survival among patients treated with crizotinib and

erlotinib in routine clinical practice in Europe and the United States.
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