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Postmarketing safety of anaplastic lymphoma kinase (ALK) inhibitors: an
analysis of the FDA Adverse Event Reporting System (FAERS)
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Background: Inhibitors of the anaplastic lymphoma kinase (ALK) gene mutation are highly effective treatments for ALK-
positive lung cancer. We conducted this pharmacovigilance analysis using the Food and Drug Administration Adverse
Event Reporting System (FAERS).
Patients and methods: FAERS files from 2012 to 2020 were used. Reports for crizotinib, ceritinib, alectinib, brigatinib,
and lorlatinib were filtered. We used the Medical Dictionary for Regulatory Activities (MedDRA version 22.1). Further,
we searched for adverse events on the preferred term (PT) level based on case reports in the literature. After filtering
duplicate reports, disproportionality analysis was used to detect safety signals by calculating proportional reporting
ratios (PRRs), reporting odds ratios (RORs), empirical Bayesian geometric mean, and information component.
Reports were considered statistically significant if the 95% confidence interval did not contain the null value.
Results: Within the system organ classes, significant safety signals were found, including those for crizotinib [eye
disorders (PRR 2.09, ROR 2.12)], ceritinib [gastrointestinal disorders (PRR 2.19, ROR 2.41), hepatobiliary disorders
(PRR 4.4, ROR 4.52), respiratory disorders (PRR 1.96, ROR 2.08)], alectinib [hepatobiliary disorders (PRR 2.60, ROR
2.63)], brigatinib [respiratory disorders (PRR 2.15, ROR 2.31)], and lorlatinib [metabolism disorders (PRR 3.34, ROR
3.53)]. For adverse events on the PT level, we found several significant signals, including pneumothorax with
crizotinib (PRR 3.29, ROR 3.29), ceritinib (PRR 3.13, ROR 3.13), and alectinib (PRR 4.88, ROR 4.89); myasthenia
gravis with lorlatinib (PRR 6.05, ROR 6.05); photosensitivity reactions with crizotinib (PRR 2.20, ROR 2.20), ceritinib
(PRR 4.30, ROR 4.31), alectinib (PRR 20.43, ROR 20.51), and brigatinib (PRR 20.97, ROR 21.05); pulmonary arterial
hypertension with brigatinib (PRR 2.92, ROR 2.92) and lorlatinib (PRR 9.2, ROR 9.24); and rectal perforation with
crizotinib (PRR 7.83, ROR 7.83). All the detected safety signals were confirmed using Bayesian methods.
Conclusion: ALK inhibitors differed in their safety profile reports. We found several significant safety signals that
matched previously published case reports, including pulmonary arterial hypertension, rectal perforation,
myasthenia gravis, and photosensitivity. These signals require further regulatory investigation to determine their
significance and potentially update the product labels to inform patients and clinicians.
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INTRODUCTION treatment of advanced lung cancer was dependent on
Lung cancer is the most commonly diagnosed cancer, ac-
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platinum-based chemotherapy.2 The landscape of treat-
ment changed after the advances in our understanding of
the driving mutations in lung cancer.3

Patients with stage IV lung adenocarcinoma are usually
assessed for different types of mutations including
anaplastic lymphoma kinase (ALK) gene rearrangements,
because patients harboring a rearranged ALK gene/fusion
protein are highly sensitive to therapy with ALK-targeted
inhibitors.4

The currently approved ALK-targeted (tyrosine kinase)
inhibitors include the following: crizotinib, ceritinib, alecti-
nib, brigatinib, and lorlatinib.5 These drugs have shown
differences in terms of their efficacy and safety profiles.6
https://doi.org/10.1016/j.esmoop.2021.100315 1
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Alectinib is favored to be the first-line therapy, where
treatment is continued until there is disease progression or
unacceptable toxicity.7

Crizotinib is the first approved tyrosine kinase inhibitor
for ALK-positive advanced non-small-cell lung cancer,8 and
considered first-line treatment in centers where alectinib is
not available. Moreover, newer more potent ALK inhibitors
with greater systemic and central nervous system efficacy
have since been developed and are preferred over crizoti-
nib. Ceritinib and brigatinib are approved for metastatic
non-small-cell lung cancers with ALK-positive tumors in
second-line setting after progression on alectinib or crizo-
tinib,9,10 whereas lorlatinib is used as a salvage treatment
after using at least two lines of ALK inhibitor.11

Treatment with ALK inhibitors is usually well tolerated;
however, there are common class adverse events such as
nausea, vomiting, diarrhea, pneumonitis, and cardiac
toxicity.12 Some less common adverse events have been
reported as well including rectal perforation,13 cataract,
macular edema or blindness,14,15 osteitis,16 ventricular
fibrillation,17,18 pulmonary arterial hypertension,19 pancre-
atitis,20 cholestasis,21 alopecia,22 proteinuria,23 myasthenia
gravis,24 toxic epidermal necrolysis,25 sarcoid-like reac-
tion,26 and photosensitivity.27

Treatment discontinuation due to adverse events among
different ALK inhibitors were as follow: 12% with crizotinib
as in the PROFILE 1014 trial,28 5% with ceritinib as in the
ASCEND 4 trial,29 11% with alectinib as in the ALEX trial,30

12% with brigatinib as in the ALTA-1L trial,10 and 7% with
lorlatinib as in the CROWN trial.31

Better understanding of the real-world safety profile of
ALK inhibitors in patients with lung cancer will lead to
better compliance, decrease interruptions, and reflect on
the desirable progression-free survival and overall sur-
vival.32-35 With the wide use of ALK inhibitors in clinical
practice, and scarcity in evaluations of their adverse effects
in real-world cohorts, we conducted this pharmacovigilance
analysis to evaluate the safety profile of the available ALK
inhibitors in the Food and Drug Administration Adverse
Event Reporting System (FAERS) database.
METHODS

FAERS is a database used by the Food and Drug Adminis-
tration (FDA) in the United States to collect postmarketing
safety data on approved drugs and therapeutic biologic
products. Drug manufacturers are required to send any
safety reports to the FDA, while health care professionals
and consumers may voluntary do so.

The FDA regularly analyzes the received reports for po-
tential safety signals, which would warrant further evalua-
tion and regulatory actions if necessary.36

Publicly available files from 2012Q1 to 2020Q2 were
downloaded from the FDA website.36 We used a two-step
deduplication process to prevent counting the same
report twice, first by filtering unique row variables, and then
by using unique case ID values.36
2 https://doi.org/10.1016/j.esmoop.2021.100315
The agents under study were filtered if they were found
under either ‘PROD_AI’ or ‘DRUGNAME’ column. As the
FAERS database may contain uppercase or lowercase
values, all values were recoded to lowercase values. Reports
for the following terms representing ALK inhibitors were
used: ‘Crizotinib’, ‘Xalkori’, ‘Ceritinib’, ‘Zykadia’, ‘Alectinib’,
‘Alecensa’, ‘Brigatinib’, ‘Alunbrig’, ‘Lorlatinib’, and ‘Lorbrena’.
Moreover, to detect any missed reports, we used terms that
reflect the active chemical compound or trade names
outside the United States (e.g. ‘LDK378’ and ‘Spexib’ for
ceritinib).

To focus our results on the drug most likely to have
caused the adverse event, we limited our analysis to reports
in which the drug was considered the primary suspect,
using results with the role code ‘PS’.37 Adverse events in
FAERS are described using the preferred term (PT) of the
standardized Medical Dictionary for Regulatory Activities
(MedDRA) terminology,38 which contains 27 system organ
classes (SOCs). Further, MedDRA is characterized by ‘mul-
tiaxiality’, where a PT can be linked to more than one SOC.
Accordingly, we used MedDRA (version 22.1) to classify
adverse events in each report to the corresponding SOC
levels. Within each SOC significant safety signal, we re-
ported counts of each adverse event found using PTs, to
describe the most frequent adverse events in each SOC for
every drug. We also searched PubMed for case reports on
adverse events associated with at least one of the ALK in-
hibitors that are not mentioned in their package label. Our
search yielded 17 adverse events, which were then matched
to their corresponding MedDRA codes on the PT level to
run safety signal analysis in FAERS.

We also included information on age, weight, sex,
reporter occupation, and patient outcome in our analysis, if
they were available. To study the outcomes of detected
safety signals, we grouped them using outcome code
‘OUTC_COD’ to produce the four categories: Death (using
the term ‘DE’); major events comprising Life Threatening,
Hospitalization, and Disability (using terms ‘LT’, ‘HO’, and
‘DS’, respectively); Congenital Anomaly (using terms ‘CA’),
and other important medical events (using the term ‘OT’).

Disproportionality analysis was used to detect safety
signals for the drugs under study. We calculated propor-
tional reporting ratios (PRRs)39 and reporting odds ratios
(RORs).40 Safety signals were considered significant if the
PRR or ROR were �2.0 and the 95% confidence interval
values exceeded 1.0 (null value). Furthermore, we used
Bayesian analysis methods, empirical Bayesian geometric
mean,41 and information component42 with 95% confidence
interval to confirm our findings and decrease false-positive
safety signals. Importing and analysis were performed using
PostgreSQL (version 12),43 and Python 3.644; our code used
to generate the analysis is publicly available on a GitHub
repository.45
RESULTS

Over the 8-year study period, there were 58 471 reports for
ALK inhibitors, with 35 202, 11 248, 6173, 2772, and 3076
Volume 6 - Issue 6 - 2021



Table 1. Characteristics of studied safety reports

Crizotinib Ceritinib Alectinib Brigatinib Lorlatinib P value*

Total number of adverse events
reports attributed to drug

35 202 11 248 6173 2772 3076

Age (years), mean � SD 61.1 � 16.85 55.9 � 14.99 61.6 � 14.03 59.1 � 12.81 59.2 � 17.06 <0.001
Weight (kg), mean � SD 65.6 � 19.82 64.2 � 17.12 68.5 � 17.0 69.3 � 15.57 68.8 � 20.46 <0.001
Sex, n (%) <0.001
Male 13 349 (37.92) 4545 (40.41) 2164 (35.06) 948 (34.2) 1136 (36.93)
Female 19 997 (56.81) 6010 (53.43) 3666 (59.39) 1624 (58.59) 1666 (54.16)
Missing 1856 (5.27) 693 (6.16) 343 (5.56) 200 (7.22) 274 (8.91)

Report source, n (%) <0.001
Consumer 10 654 (30.27) 2392 (21.27) 3054 (49.47) 1138 (41.05) 664 (21.59)
Physician 13 198 (37.49) 5488 (48.79) 2079 (33.68) 1026 (37.01) 1358 (44.15)
Pharmacist 3657 (10.39) 538 (4.78) 596 (9.65) 234 (8.44) 419 (13.62)
Other 7239 (20.56) 1796 (15.97) 322 (5.22) 284 (10.25) 328 (10.66)
Missing 184 (0.52) 895 (7.96) 36 (0.58) 4 (0.14) 61 (1.98)

SD, standard deviation.
* P values for analysis of variance when comparing continuous variables and chi-square when comparing categorical variables.
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attributed to crizotinib, ceritinib, alectinib, brigatinib, and
lorlatinib, respectively, as the primary suspect.

The average age and weight reported for ALK inhibitor
users were different, with the highest mean age of 61.6
years for alectinib, the lowest mean age of 59.1 years for
brigatinib, the highest mean weight of 69.3 kg for brigatinib,
and the lowest mean weight of 64.2 kg for ceritinib.
Moreover, there were a higher percentage of female pa-
tients for all five drugs understudy compared with male
patients. Most of the reports were submitted by either the
consumer or physician: physicians contributed to the high-
est percentage of reports for crizotinib (37.49%), ceritinib
(48.79%), and lorlatinib (44.15%), whereas consumers
contributed to the highest percentage of reports for alec-
tinib (49.47%) and brigatinib (41.05%; Table 1).

Within the SOCs, significant safety signals using dis-
proportionality analysis were two for crizotinib [eye disor-
ders (PRR 2.09, ROR 2.12) and neoplasms (PRR 4.26, ROR
4.57)], five for ceritinib [gastrointestinal disorders (PRR 2.19,
ROR 2.41), hepatobiliary disorders (PRR 4.4, ROR 4.52),
neoplasms (PRR 9.31, ROR 10.53), respiratory disorders
(PRR 1.96, ROR 2.08), investigations (PRR 2.05, ROR 2.15)],
two for alectinib [hepatobiliary disorders (PRR 2.60, ROR
2.63), neoplasms (PRR 2.03, ROR 2.06)], two for brigatinib
Outcome % per dr

Figure 1. Outcomes for adverse events associated with ALK inhibitors at the level
ALK, DE, death; DS, disability; HO, hospitalization; LT, life threatening; OT, other.
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[neoplasms (PRR 8.43, ROR 9.41) and respiratory disorders
(PRR 2.15, ROR 2.31)], and two for lorlatinib [metabolism
disorders (PRR 3.34, ROR 3.53), neoplasms (PRR 3.26, ROR
3.36)]. Moreover, all the detected safety signals were sig-
nificant when the Bayesian methods were used (Table 2).

Regarding outcomes of the detected safety signals, cri-
zotinib had the highest percentage of death among the
studied drugs (30.31%), and alectinib had the lowest
(9.88%). Lorlatinib had the highest percentage of major
outcomes (35.79%), and brigatinib the lowest (23.64%;
Figure 1). Moreover, our analysis found no adverse event
reports with the outcome of congenital anomaly except for
ceritinib (n ¼ 11).

Further analysis of the detected safety signals showed
that the most frequently reported adverse events were the
following: for crizotinib, visual impairment in eye disorders
(n ¼ 404) and neoplasm progression in neoplasms (n ¼
778). For ceritinib, diarrhea in gastrointestinal disorders
(n ¼ 446), liver disorder in hepatobiliary disorders (n ¼ 65),
malignant neoplasm progression in neoplasms (n ¼ 491),
non-small-cell lung cancer in respiratory disorders (n ¼
310), and increased alanine aminotransferase in in-
vestigations (n ¼ 91). For alectinib, abnormal hepatic
function in hepatobiliary disorders (n ¼ 17) and metastases
percentage

ug

of system organ classes.
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Table 2. Detected significant safety signals on the system organ class level

System organ class Proportional reporting
ratio (95% CI)

Reporting odds ratio
(95% CI)

Information component
(95% CI)

Empirical Bayesian
geometric mean (95% CI)

Crizotinib
Eye disorders 2.09 (1.97-2.21) 2.12 (2.0-2.26) 70.05 (65.97-74.37) 2.09 (1.97-2.22)
Neoplasms benign, malignant,
and unspecified

4.26 (4.09-4.45) 4.57 (4.27-4.67) 70.81 (67.73-74.04) 4.25 (4.07-4.45)

Ceritinib
Gastrointestinal disorders 2.19 (2.1-2.29) 2.41 (2.29-2.54) 71.27 (67.72-75.01) 2.19 (2.08-2.31)
Hepatobiliary disorders 4.4 (3.99-4.86) 4.52 (4.08-5.01) 65.88 (59.47-72.98) 4.40 (3.97-4.87)
Neoplasms benign, malignant,
and unspecified

9.31 (8.87-9.77) 10.53 (9.96-11.13) 68.65 (64.95-72.56) 9.29 (8.79-9.82)

Respiratory, thoracic, and
mediastinal disorders

1.96 (1.86-2.07) 2.08 (1.96-2.20) 70.42 (66.35-74.73) 1.96 (1.85-2.08)

Investigations 2.05 (1.93-2.18) 2.15 (2.01-2.30) 69.62 (65.14-74.41) 2.05 (1.92-2.19)
Alectinib
Hepatobiliary disorders 2.60 (2.18-3.09) 2.63 (2.20-3.14) 63.39 (53.02-75.78) 2.60 (2.17-3.10)
Neoplasms benign, malignant,
and unspecified

2.03 (1.76-2.36) 2.06 (1.77-2.40) 64.73 (55.64-75.29) 2.03 (1.75-2.37)

Brigatinib
Neoplasms benign, malignant,
and unspecified

8.43 (7.61-9.34) 9.41 (8.38-10.57) 64.47 (57.39-72.41) 8.43 (7.50-9.47)

Respiratory, thoracic, and
mediastinal disorders

2.15 (1.94-2.38) 2.31 (2.06-2.59) 66.51 (59.29-74.61) 2.15 (1.92-2.41)

Lorlatinib
Metabolism and nutrition
disorders

3.34 (2.95-3.78) 3.53 (3.09-4.04) 64.89 (56.81-74.13) 3.34 (2.92-3.82)

Neoplasms benign, malignant,
and unspecified

3.26 (2.77-3.83) 3.36 (2.83-3.99) 63.39 (53.44-75.20) 3.26 (2.74-3.86)

CI, confidence interval.
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to the central nervous system in neoplasms (n ¼ 48). For
brigatinib, progression of neoplasms in neoplasms (n¼ 154)
and cough in respiratory disorder (n ¼ 40). For lorlatinib,
hypercholesterolemia in metabolism disorder (n ¼ 36) and
progression of neoplasms in neoplasms (n ¼ 125).

Of the 17 adverse events found in our PubMed search,
we found no matched reports in FAERS for two (sarcoid-like
reactions and osteitis). For the remaining 15 adverse events,
we found the following significant safety signals: two for
cholestasis, three for pneumothorax, one for fulminant
hepatitis, one for myasthenia gravis, one for pancreatitis,
four for photosensitivity reactions, one for proteinuria, two
for pulmonary arterial hypertension, one for toxic epidermal
necrolysis, and one for rectal perforation (Figure 2 and
Supplementary Table S1, available at https://doi.org/10.
1016/j.esmoop.2021.100315).
DISCUSSION

Our study demonstrates that ALK inhibitors differ in their
safety profile based on FAERS reports. In terms of organ
systems, ceritinib was the only agent to show a significant
signal in gastrointestinal disorders and abnormal laboratory
values. Ceritinib and alectinib both showed a significant
signal in hepatobiliary disorders, and ceritinib and brigatinib
both showed a significant signal in respiratory disorders.
Lorlatinib was the only agent to show a significant signal in
metabolism and nutrition disorders, and crizotinib was the
only agent to show a significant safety signal in eye
disorders.
4 https://doi.org/10.1016/j.esmoop.2021.100315
Some of our findings are consistent with previous pub-
lished studies that compared the safety of different ALK
inhibitors. Costa et al. reported that ceritinib had a higher
percentage of gastrointestinal toxicity, as it caused 5.7% of
grade 3/4 diarrhea, compared with 0.6% for alectinib, 0.5%
for brigatinib, and 1.7% for crizotinib (P < 0.001). Moreover,
they found that ceritinib caused 22.8% of grade 3/4 alanine
aminotransferase elevations, compared with 4% for alecti-
nib and 9.1% for crizotinib (P < 0.001).6 Kassem et al.46

reported that gastrointestinal toxicity was highest in cer-
itinib, with 72%-86% for diarrhea and 52%-67% for vomit-
ing, and lowest in alectinib with 4%-20.7% for diarrhea and
4%-11.5% for vomiting. Almost all of visual disorders found
in their meta-analysis was attributed to crizotinib, ranging
from 54.8% to 82%.

In terms of MedDRA PT level adverse events reported in
the literature, we found safety signals in FAERS for multiple
adverse events including pneumothorax, rectal perforation,
myasthenia gravis, pulmonary arterial hypertension, and
photosensitivity.

We found three significant signals for pneumothorax
associated with the ALK inhibitors under study, including
crizotinib, ceritinib, and alectinib. Crizotinib is known to be
associated with pulmonary side-effects, mainly interstitial
lung disease and pneumonitis.28 However, Gennatas et al.47

reported a rare pulmonary side-effect in a 48-year-old male
with stage IV lung adenocarcinoma who developed dyspnea
due to pneumothorax 4 weeks after starting crizotinib. The
pneumothorax resolved after chest tube insertion and the
patient was discharged. This highlights the consideration of
Volume 6 - Issue 6 - 2021



Crizotinib Ceritinib Alectinib Brigatinib Lorlatinib

Alopecia 0.31 0.22 0.94 0.5 0.45
Blindness 1.53 0.2 0.36 0.81
Cataract 0.85 0.66 0.44
Cholestasis 0.98 6.65 0.8 7.09
Pneumothorax  3.29 3.13 4.88
Fulminant Hepatitis 10.47
Macular edema 0.42
Myasthenia gravis 1.06 6.05
Pancreatitis 0.85 1.38 1.55 2.59 0.78
Photosensitivity reaction 2.2 4.3 20.43 20.97
Proteinuria 0.77 1.6 0.73 7.3
Pulmonary arterial hypertension 0.57 2.92 9.2
Toxic epidermal necrolysis 0.19 2.2
Ventricular fibrillation 1.23 0.77
Rectal Perforation 7.83

                    Color scale

Figure 2. Heatmap for safety signals based on proportional reporting ratio for selected adverse events found in literature review.
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pneumothorax in the differential diagnosis of newly devel-
oped dyspnea in patients on crizotinib.

Our analysis found a significant signal for rectal perfora-
tion with crizotinib, but not with the other ALK inhibitors.
Yanagisawa et al.13 reported a case of a 86-year-old male
with stage IV lung adenocarcinoma who developed rectal
perforation associated with crizotinib.

For myasthenia gravis, we found a significant signal with
only lorlatinib. Although lorlatinib is not known to be
associated with autoimmune diseases such as myasthenia
gravis,48 Desai et al.24 published a case report in which a
56-year-old male with stage IV non-small-cell lung adeno-
carcinoma developed myasthenia gravis after starting lor-
latinib, who clinically improved after treatment with
pyridostigmine. The author suspected lorlatinib because
the patient was previously treated with other ALK in-
hibitors, crizotinib and ceritinib, without developing this
autoimmune reaction.

For pulmonary arterial hypertension, our analysis found
significant signals with two ALK inhibitors: lorlatinib and
brigatinib. Chabrol et al.19 reported two cases of pulmonary
arterial hypertension developed after starting lorlatinib;
however, both clinically improved upon lorlatinib with-
drawal. Tabbò et al.49 reported a case which developed
pulmonary arterial hypertension after starting brigatinib.

Moreover, tyrosine kinase inhibitors used in the treat-
ment of other malignancies have been associated with
pulmonary arterial hypertension including dasatinib, lapa-
tinib, and bosutinib.50

Among ALK inhibitors, alectinib is the only agent for
which the product label contains precautions to avoid
photosensitivity.51 However, our analysis of the FAERS da-
tabases found four significant signals for photosensitivity
reactions associated with brigatinib, alectinib, crizotinib,
and ceritinib. Morgado et al.27 reported a case in which a
70-year-old female with metastatic lung cancer developed a
Volume 6 - Issue 6 - 2021
photosensitivity reaction while on brigatinib, which war-
ranted treatment interruption; the same adverse event
reoccurred upon reintroduction. Although brigatinib is
associated with some skin-related adverse events such as
rash or pruritus, it is not known to be a photosensitizing
drug that requires precautions to sun exposure.52 The
previously reported safety signals warrant investigating
the photosensitizing ability of other ALK inhibitors with the
potential to update the product labels, if the association
was determined to be causal, to guide patients for taking
necessary sun exposure precautions.

Our findings should be interpreted while considering the
limitations of the FAERS database. As the FDA does not
require a proof of causal relationship for submitted reports,
we cannot infer causation from the observed associations in
the database.53 Further, we cannot calculate the incidence
of a specific adverse event because FAERS does not contain
every adverse event that occurred in the population.
Moreover, spontaneous reporting systems such as FAERS
can be subjected to the Weber effect, where reporting of
adverse events for a certain drug tends to increase within
the first 2 years of approval and then decreases with more
time in the market.54 They are also subjected to con-
founding by age, indication, and interacting medications.55

Nevertheless, the FAERS database remains an important
tool that the FDA continues to use for postmarketing
surveillance.
Conclusion

ALK inhibitors constitute an important part of the pharma-
cotherapy for non-small-cell lung cancer. Agents belonging to
this group have different safety profiles, with some resulting
in severe adverse events that may lead to lack of compliance
or treatment discontinuation. Clinicians should be aware of
such differences to tailor their agent choice and monitor
https://doi.org/10.1016/j.esmoop.2021.100315 5
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their patients accordingly. We found multiple postmarketing
safety signals similar to what had been reported in clinical
trials, as well as other reports that require further regulatory
investigation to determine their significance.
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