Lung Cancer 191 (2024) 107535

i i i Dir LuNnG
Contents lists available at ScienceDirect CAN CER

Lung Cancer

o %

ELSEVIER

journal homepage: www.elsevier.com/locate/lungcan

Review article

A pragmatic guide for management of adverse events associated
with lorlatinib

Geoffrey Liu® ", Julien Mazieres ", Jan Stratmann ¢, Sai-Hong Ignatius Ou “, Tony Mok ©,

Mary Grizzard ! Yasushi Goto ¢, Enriqueta Felip b Benjamin J. Solomon ', Todd M. Bauer f

2 Princess Margaret Cancer Centre, University Health Network, Toronto, ON, Canada

Y Thoracic Oncology Department, Toulouse University Hospital, Toulouse, France

¢ Department of Medicine II, Hematology/Oncology, University Hospital Frankfurt, Frankfurt, and National Network Genomic Medicine Lung Cancer, Cologne, Germary
4 Chao Comprehensive Cancer Center, University of California Irvine School of Medicine, Orange, CA, USA

¢ State Key Laboratory of South China, Chinese University of Hong Kong, Hong Kong Special Administrative Region of China, China

f Sarah Cannon Research Institute/ Tennessee Oncology, Nashville, TN, USA

& Department of Thoracic Oncology, National Cancer Center Hospital, Tokyo, Japan

1 Vall d’Hebron University Hospital, Vall d’Hebron Institute of Oncology, Barcelona, Spain

i peter MacCallum Cancer Centre, Melbourne, VIC, Australia

ARTICLE INFO ABSTRACT

Keywords:
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Lorlatinib is a brain-penetrant, third-generation tyrosine kinase inhibitor (TKI) indicated for the treatment of
anaplastic lymphoma kinase (ALK)-positive metastatic non-small cell lung cancer (NSCLC). In clinical trials,
lorlatinib has shown durable efficacy and a manageable safety profile in treatment-naive patients and in those
who have experienced progression while receiving first- and/or second-generation ALK TKIs. Lorlatinib has a
distinct safety profile from other ALK TKIs, including hyperlipidemia and central nervous system effects. Clinical
trial data showed that most adverse events (AEs) can be managed effectively or reversed with dose modifications
(such as dose interruptions or reductions) or with concomitant medications without compromising clinical ef-
ficacy or quality of life for patients. A pragmatic approach to managing AEs related to lorlatinib is required. We
present patient-focused recommendations for the evaluation and management of select AEs associated with
lorlatinib developed by clinicians and nurses with extensive lorlatinib expertise in routine clinical practice. The
recommendations follow the general framework of “prepare, monitor, manage, reassess” to streamline AE
management and assist in practical, actionable, and personalized patient care.

Tyrosine kinase inhibitors

Lorlatinib

Carcinoma

Non-small cell lung cancer

Drug-related side effects and adverse reactions

ALK TKI, lorlatinib [4,5].
Lorlatinib is a highly potent, brain-penetrant TKI that targets ALK

1. Introduction

Anaplastic lymphoma kinase (ALK) gene rearrangements are present
in 2% to 7% of the non-small cell lung cancer (NSCLC) patient popula-
tion [1-3]. Identification of ALK gene rearrangements in NSCLC is
clinically important as tumors harboring this genomic alteration are
highly sensitive to ALK tyrosine kinase inhibitors (TKIs) [3]. According
to international guidelines, the preferred first-line treatment option for
patients with ALK-positive metastatic NSCLC includes second-
generation ALK TKIs, alectinib or brigatinib, or the third-generation

and ROS1 and has broad-spectrum potency against most known ac-
quired ALK kinase domain mutations (eg, ALK G1202R) [6,7]. Preclin-
ical activity was also observed against TYK1, FER, FPS, TRKA/B/C, FAK,
FAK2, and ACK at higher concentrations than that required to inhibit
ALK [6,8]. It is indicated in Australia, Canada, the European Union,
Japan, the United States, and other countries for the treatment of adult
patients with ALK-positive metastatic NSCLC based on the results from a
phase 1/2 study (NCT01970865) and the phase 3 CROWN study

Abbreviations: AE, adverse event; ALK, anaplastic lymphoma kinase; CNS, central nervous system; CTCAE, Common Terminology Criteria for Adverse Events;
NSCLC, non-small cell lung cancer; PFS, progression-free survival; QOL, quality of life; TKI, tyrosine kinase inhibitor.
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(NCT03052608) [9-17]. In the phase 1/2 study, lorlatinib showed
overall and intracranial activity in previously treated patients with ALK-
positive advanced NSCLC [9,10]. The updated analysis of the first-line
CROWN study after 36.7 months of follow-up confirmed the long-term
benefit of lorlatinib over crizotinib (median progression-free survival
[PFS]: not reached vs 9.3 months; hazard ratio, 0.27; 95% CI, 0.18-0.39)
[12].

2. Lorlatinib safety profile

The safety profile of lorlatinib is distinct and includes hyperlipid-
emia, edema, weight gain, peripheral neuropathy, and central nervous
system (CNS) events (Table 1) [9-13,18,19]. Some of the AEs associated
with lorlatinib have also been reported with other ALK TKIs, including
gastrointestinal distress (eg, nausea, vomiting, diarrhea, and con-
stipation) and fatigue [6,12,13,20,21]. Gastrointestinal effects are
relatively less common with lorlatinib than with some other ALK TKIs.
While real-world lorlatinib data is currently limited to second-line or
subsequent lines, the safety profile has been consistent with prior clin-
ical studies with no new safety signals reported. Some real-world studies
reported lower AE incidences than clinical trials, which may be a result
of differences in monitoring and reporting or early dose modifications
for management [22-25].

In the updated CROWN analysis, grade 3/4 adverse events (AEs)
occurred in 76% of patients (113/149) treated with lorlatinib, most
frequently due to elevations in lipid levels (hypertriglyceridemia in 23%
[34/149] and hypercholesterolemia in 19% [29/149] of patients) as
well as weight gain (20% [30/149] of patients). In the lorlatinib arm,
AEs led to temporary discontinuation in 56%, dose reduction in 21%,
and permanent discontinuation in 7% of patients. The most common
reason for dose reduction was edema (7% [10/149]), and the most
common reason for permanent discontinuation was attributed to
cognitive effects (1% [2/149]) [12]. While direct comparisons are not
possible, similar rates of dose modifications were observed for alectinib
and brigatinib in the latest analyses of the phase 3 ALEX and ALTA-1L
studies, respectively [20,21]. In ALEX, AEs led to dose interruption in
26.3%, dose reduction in 20.4%, and permanent discontinuation in
14.5% of patients who received first-line alectinib [20]. In ALTA-1L, AEs
led to dose interruption in 72%, dose reduction in 44%, and permanent
discontinuation in 13% of patients who received brigatinib [21].

In clinical trials, most lorlatinib AEs, including laboratory abnor-
malities, were effectively managed or reversed with dose modifications,
which include dose reductions and/or interruptions or the addition of
concomitant medications [9-12,18,26]. Lorlatinib dose modifications
can readily be implemented as they have not been shown to have a
negative effect on PFS or intracranial time to progression and can pre-
serve quality of life (QOL) for patients [27-29].

Table 1
Select adverse events in patients treated with first-line lorlatinib in phase 3
CROWN study [12].

Adverse drug reactions Lorlatinib (n = 149)

Any grade Grade 3/4
Hypercholesterolemia 72% 19%
Hypertriglyceridemia 66% 23%
Edema 56% 4%
Weight increase 44% 20%
Peripheral neuropathy 40% 1%
Cognitive effects 26% 3%
Arthralgia 26% 1%
Hypertension 22% 11%
Diarrhea 22% 1%
Fatigue 19%" 1%
Mood effects 17% 1%
Speech effects 5% 1%
Psychotic effects 5% 1%

? Data from interim analysis published in Shaw AT, et al. NEJM 2020 [11].
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While lorlatinib AEs have been effectively managed in clinical trials,
allowing patients to derive maximal benefit from lorlatinib
[11,12,26,27], there is a need to develop pragmatic recommendations to
manage lorlatinib AEs in routine clinical practice. This article aims to
transfer the clinical trial and real-world experience of a panel of thoracic
oncology experts familiar with lorlatinib administration in routine
clinical practice to enable all physicians to maximize benefit from lor-
latinib while preserving patient QOL.

3. General principles of a pragmatic guide to AE management
with lorlatinib

A general schema for the management of non-laboratory AEs is
described in Fig. 1. The first step is to preemptively inform and prepare
patients and caregivers about what to expect while taking lorlatinib,
including the range and likelihood of AEs and the frequency of evalua-
tions. Providers should also familiarize themselves with the range of AEs
that can potentially occur with lorlatinib [11,18] and the general time
frame in which each AE could develop (Fig. 2) [10,12,13,18,27]. Open
communication between healthcare provider and patient/caregiver
should be emphasized while preparing for treatment with lorlatinib, as
prompt AE recognition and reporting by patients is necessary for optimal
management [18,30]. For instance, the patients and caregivers should
be advised prior to treatment initiation of the broad spectrum of CNS
AEs that may occur with lorlatinib; they should be encouraged to be
mindful of and disclose any symptoms, regardless of severity, to their
healthcare provider to ensure proper immediate management [18].
Healthcare providers, patients, and caregivers should be assured that the
vast majority of lorlatinib side effects can be managed with dose
modification [11,12].

Prior to initiating lorlatinib, patients should undergo several as-
sessments, including a neurological evaluation and magnetic resonance
imaging of the brain [30]. Cardiovascular function should be tested via
electrocardiogram at baseline and periodically throughout treatment.
Blood pressure should be assessed and controlled at baseline, after the
first 2 weeks, and then periodically throughout treatment, taking into
consideration the patient’s overall health. As hyperglycemia can occur,
fasting serum glucose should be assessed at baseline and periodically
throughout treatment. Hyperlipidemia is a common AE associated with
lorlatinib, so serum cholesterol and triglycerides should be monitored
before treatment initiation, after 1-2 months, and then periodically
throughout treatment [13].

Additionally at baseline, patients should be assessed for comorbid-
ities and concurrent medications that may cause or exacerbate symp-
toms of lorlatinib-associated toxicity [13,30]. While mild to moderate
renal impairment does not necessitate a reduced dose, severe renal
impairment (creatinine clearance of 15 to <30 mL/min) requires dose
reduction from 100 mg to 75 mg once daily [13]. Concurrent medica-
tions should be discussed to prevent any potential drug interactions.
Lorlatinib is contraindicated in combination with strong CYP3A in-
ducers, which decrease the plasma concentration and subsequently
potentially efficacy of lorlatinib [13,31]. If moderate CYP3A inducers
cannot be avoided, the lorlatinib dose may be increased [13,32].
Conversely, strong CYP3A inhibitors increase lorlatinib plasma con-
centration and may increase the incidence and severity of AEs; there-
fore, if concomitant use is unavoidable, lorlatinib should be reduced to
75 mg once daily [13].

The recommended starting dose of lorlatinib is 100 mg once daily
[13]. Once lorlatinib has been initiated, patients should be monitored for
AEs commonly associated with lorlatinib at each follow-up visit [30,32].
Toxicities that should be monitored and reported by patients in between
clinic visits include cognitive and memory changes, hallucinations, al-
terations in speech, and peripheral neuropathy. At clinic visits, weight
changes, hypertension, and hyperlipidemia can be further assessed.
Monitoring should focus not only on the presence of AEs but also on
severity. There is future potential for adjunctive telemonitoring
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Manage Reassess

Mildly or not affected
- Mitigation strategies® ’

1 Month after
mitigation strategies
Interrupt and/or or dose modification

reduce the dose®

t

Fig. 1. General management of lorlatinib toxicities: prepare, monitor, manage, reassess. *See Fig. 3A and B and Table 2 for details. "Interrupt refers to a temporary

dose interruption. Reduce refers to dose reduction.

@

Hyperlipidemia Edema Peripheral neuropathy Weight increase
Day 15 Day 42 Day 105 Day 112
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27-451 days 163 days 380 days 778 days
Month 2 Month 7
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Day 155
Duration:

221 days

Any-grade incidence 76%-100%

®

@ Any-gradeincidence 51%-75%
@ Any-gradeincidence 26%-50%

@ Any-gradeincidence 0%-25%

Fig. 2. Typical timeline of lorlatinib select adverse events.? *The values listed here represent median time to first occurrence for each AE. There is a distribution in

which some may occur earlier or later than these median values.[12-14,18,27].

strategies to aid monitoring and rapid reporting of toxicities.

Within the clinical trials, Common Terminology Criteria for Adverse
Events (CTCAE) grades were used to measure severity [9-12]. From a
pragmatic standpoint, the monitoring of non-laboratory AEs should
focus on two key aspects: (1) how much does the specific AE affect the
patient and (2) how functionally detrimental is the specific AE? The
degree that the patient is affected by the AE is subjective and based on
baseline function, daily lifestyle, and activities. Functional detriment is
more objective and can be measured by assessing specific key functions
(eg, inability to speak or think properly, ability to button shirts). The
greater the degree to which the patient experiences bothersome symp-
toms and functional detriment, the greater the likelihood that mitigation
strategies and/or dose modifications will be needed.

If AEs arise during monitoring, the next step is management. For
symptoms that are either not bothersome or only mildly bothersome
(and that minimally affect function, if at all), mitigation strategies rather
than dose reduction or temporary dose interruption are generally
emphasized (Table 2). For CNS AEs, dose modifications are also rec-
ommended for mildly or severely bothersome symptoms. Mitigation
strategies, including lifestyle modifications and/or pharmacological
interventions, can be implemented concurrently. Dose modification can
include a temporary dose interruption, dose reduction, or both. It is rare
to require permanent discontinuation [18,32].

When dose reduction is appropriate, the initial starting dose of lor-
latinib of 100 mg daily can be reduced to 75 mg daily dose, with a
subsequent drop by 25 mg [13]. A low threshold should be used to
initiate dose reductions, especially given the preserved clinical efficacy
of reduced doses of lorlatinib [27]. Although the general recommen-
dation is that lorlatinib should be discontinued instead of decreasing the

dose to 25 mg daily [13], anecdotally, some patients still maintained
disease control with a 25-mg daily dose of lorlatinib. Pragmatically,
there may be specific occasions where oncologists prefer to start at a
dose lower than 100 mg with consideration of escalating to 100 mg in
the absence of significant toxicities; this management guide recognizes
this approach but is agnostic to the merits of such an approach.

All patients should be reassessed at each follow-up visit [18,30,32].
Patients who experienced AEs and required dose modification should be
reassessed at least monthly until symptoms improve. Once stabilized, a 3-
month follow-up is recommended. For non-laboratory-based AEs that
require dose reductions, mitigation strategies should continue if symp-
toms remain moderately or severely bothersome, and the dose may be
further reduced if symptoms persist. If symptoms improve, the lorlatinib
dose should be maintained or, based on the provider’s clinical judgment,
potentially increased if the mitigation strategies appear to be working
well, or if disease control is compromised. Dose re-escalation is rarely
implemented unless the lorlatinib daily dose is <75 mg, and doses
should never be >100 mg per day [13]. For non-laboratory-based AEs
that require dose interruption, the temporary pause should continue
until AE symptoms improve to the point that the patient is only mildly
bothered/functionally affected (or not bothered at all/regained func-
tion). Typically, this takes up to several weeks, and reviewing for
toxicity improvement should be performed approximately biweekly
during dose interruption.

CNS AEs can be difficult to assess and bothersome to manage. To
amend the management described in a post hoc analysis of CROWN
[27], CNS toxicities that are bothersome to the patient should be
managed by implementing temporary dose interruption of lorlatinib.
Once symptoms improve, restarting the patient on a reduced dose may
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Table 2
Mitigation strategies for select adverse events.
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Adverse event

Non-pharmacological mitigation strategies

Pharmacological mitigation strategies

Hyperlipidemia (hypercholesterolemia and
hypertriglyceridemia)

Elevated lipid levels: total cholesterol ULN-500 mg/dL
(12.93 mmol/L) or triglycerides 150-1000 mg/dL
(1.71-11.29 mmol/L) [38]

Severely elevated lipid levels (life-threatening per
CTCAE criteria): total cholesterol >500 mg/dL (12.93
mmol/L) or triglycerides >1000 mg/dL (11.29 mmol/L)
[38]

Although dietary changes may be used, typically
hyperlipidemia requires pharmacological strategies.

Statins: choose one of pitavastatin (2 mg orally once
daily), pravastatin (40 mg orally once daily), or
rosuvastatin (5-10 mg orally once daily for moderate-
intensity therapy or 20-40 mg orally once daily for high-
intensity therapy) [18,32,47].%

Ezetimibe: the addition of ezetimibe is recommended if
the maximum statin dose inadequately controls
hyperlipidemia [18,30,47].

Fibrates/fish oil: If triglycerides remain >500 mg/dL
(5.65 mmol/L), despite maximum statin doses, the
addition of fibrates/fish oils is encouraged [18,30,47]."

PCSK9 inhibitors are an alternative lipid-lowering
medication that may be considered for patients who are
statin intolerant [33,34].

If a patient is statin intolerant or there is a lack of response
to maximum lipid-lowering therapies, the patient should
be referred to cardiovascular or lipid clinics.

Triglyceride levels >1000 mg/dL (11.29 mmol/L) are
associated with acute pancreatitis, which is diagnosed
when 2 of 3 characteristics are present: abdominal pain,
increased pancreatic enzymes >3 times the upper limit of
normal, and imaging evidence of acute pancreatitis.
Management is based on the severity of acute pancreatitis,
but initial treatment may range from conservative
treatment with intravenous fluids, bowel rest, and pain
control to admission to the intensive care unit. Long-term
treatment focuses on lowering triglyceride levels [36,37].

Edema

Weight gain

Peripheral neuropathy

CNS effects (cognitive, mood, speech, psychotic)

Rule out alternative causes, such as cardiac (heart
failure), renal, and thyroid causes.

Examples of helpful interventions include compression
garments, raising the affected area above the heart,
increased exercise, limiting dietary salt, physiotherapy,
and lymphedema massage.

Food intake counseling, dietary advice, and/or the
addition of exercise can be helpful.

A night splint may improve carpal tunnel syndrome.

Peripheral neuropathy associated with edema
(particularly in the upper extremities) may respond to
compression garments, raising the affected area above the
heart, increased exercise, limiting dietary salt,
physiotherapy, and lymphedema drainage/massage.
Potentially manage other causes of neurocognitive and
psychiatric impairment and visit a specialist (eg,
neurologist, psychiatrist).

Strategies to minimize the impact of CNS effects such as
setting reminders, mindfulness, meditation, and cognitive
behavioral therapy may be useful.

There is limited scientific evidence to support the use of
diuretics. However, based on the authors’ clinical
experience in managing edemas, diuretics can be used as
an option for management. If persistent, healthcare
providers are encouraged to consult with the respective
specialists (ie, cardiologist, endocrinologist, etc.) to
consider other causes and to help identify other solutions.
Currently there is no data on the use of semaglutide or
other incretins in the management of lorlatinib-induced
weight gain. Any use of semaglutide or other incretins
should be per approved indications and under expert
physician management of the potential side effects.
Treatments: vitamin B; and vitamin Bg and medications
(gabapentin or pregabalin) may provide symptom relief.

Lorlatinib early dose interruption and dose reduction.

If severe, refractory CNS effects occur, consider a
psychiatrist for pharmacological management
(antipsychotics, antidepressants).

CNS, central nervous system; CTCAE, Common Terminology Criteria for Adverse Events; CYP, cytochrome P450; ULN, upper limit of normal.
@ Pitavastatin, pravastatin, or rosuvastatin are suggested for use with lorlatinib based on their low involvement with specific cytochrome P450 enzymes that interact
with lorlatinib (eg, CYP3A4). Fenofibrate has the least involvement with CYP enzymes, followed by fish oils and nicotinic acid.

be preferred. Dose escalation after the resolution of symptoms is not
recommended. For hyperlipidemia, as a laboratory AE is not associated
with symptoms, pharmacological mitigation strategies rather than dose
modification are the preferred approach.

4. Detailed management plans for specific AEs

4.1. Hyperlipidemia

Hyperlipidemia is the most common AE reported with lorlatinib and

can occur within the first few weeks of treatment; however, this is
typically an asymptomatic laboratory abnormality [18]. Hyperlipidemia
occurs with a median time to onset of 15 days and persists for over 400
days (Fig. 2) [13,14,18]. In the updated CROWN analysis (36.7 months
of follow-up), hypercholesterolemia was observed in 72% of patients
and hypertriglyceridemia in 66% of patients (Table 1). Although most
(68%) treatment-emergent hyperlipidemia events in the lorlatinib clin-
ical trials required at least one lipid-lowering agent and 9% required
concomitant medication plus additional interventions, hyperlipidemia is
very manageable and rarely results in dose interruptions (19/237) or
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reductions (9/237). In this updated CROWN analysis, an increased
incidence of cardiac events was not observed with lorlatinib treatment
compared with crizotinib treatment, even in the presence of hyperlip-
idemia. In fact, there was no increase in incidence or severity of

A

Prepare

Normal lipid levels

Elevated lipid levels

Total cholesterol ULN-500 mg/dL (12.93
mmol/L) or triglycerides 150-1000 mg/dL
(1.71-11.29 mmol/L)33

Measure lipid levels

If elevated, start/increase
lipid-lowering agent?

Severely elevated lipid levels
(life-threatening per CTCAE criteria)
Total cholesterol >500 mg/dL

(12.93 mmol/L) or triglycerides
>1,000 mg/dL (11.29 mmol/L)33b

Pause: lorlatinib dose interruption }

Toxicity

Not bothersome

Weight gain

Edema

Monitor (at 1 month)

How bothersome is the toxicity?¢

Lifestyle modification and toxicity management?
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cardiovascular events during the 18 months of follow-up after the
interim CROWN analysis. Dose reductions due to hypertriglyceridemia
or hypercholesterolemia were reported in 4% and 2% of patients,
respectively, and hyperlipidemia led to permanent discontinuation in
1% of patients [12].

Hyperlipidemia management strategies are outlined in Fig. 3A. To
prepare for treatment with lorlatinib, blood lipids and population-

Reassess regularly until
stable/improved

>

Monitor lipid levels at each follow-
up visit

If hyperlipidemia is uncontrolled,
} increase, change, or add lipid-
lowering therapy?

Begin, increase, or change

linid-| ina th i If maximal doses of lipid-lowering
ipid-lowering therapy:

agents are reached, lower
lorlatinib dose by 25 mg

->| )

Initiate lipid-lowering therapy? and
pause lorlatinib until total cholesterol
is <400 mg/dL (10.34 mmol/L) and
triglycerides are <500 mg/dL
(5.65 mmol/L)P and then restart

Continue: maintain same lorlatinib dose Reduce: lorlatinib dose reduction (by 25-mg decrements)

Reassess regularly
until stable/
improved

If worse,
V25m

Severely bothersome

Lifestyle modifications and therapeutic intervention?

Peripheral neuropathy

If stable }
p or better,

OR

Toxicity management?

CNsd
(cognitive, mood,
speech, psychotic)

Pause: lorlatinib dose interruption }

= QZS mg

Continue: maintain same lorlatinib dose Reduce: lorlatinib dose reduction (by 25-mg decrements)

Fig. 3. Management of lorlatinib-induced hyperlipidemia and non-laboratory adverse events. (A) Management of lorlatinib-induced hyperlipidemia. (B)
Management of non-laboratory adverse events, including weight gain, edema, peripheral neuropathy, and CNS effects. AE, adverse event; CNS, central nervous
system; CTCAE, Common Terminology Criteria for Adverse Events; ULN, upper limit of normal. *Mitigation strategies are provided in Table 2. ®Cholesterol and
triglyceride threshold values can be modified based on overall cardiovascular risk and life expectancy. “As severity increases, add management from left to right. For
example, for edema that is severely bothersome, consider lifestyle modifications, therapeutic intervention, dose interruption, and dose reduction. Note that all AEs
are subjective; if a patient experiences a moderately bothersome AE that is functionally debilitating or functionally detrimental, this may be interpreted as being
severely bothersome after discussion with patient and healthcare provider. This is particularly true for CNS toxicities, for which severely bothersome may equate to
any CNS functional detriment. CNS toxicities tend to be bothersome and less likely to respond to mitigation strategies; therefore, early dose reduction in combination
with temporary dose interruption may be preferred, and dose escalation after the resolution of symptoms is not recommended.
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matched overall cardiovascular risk should be assessed to estimate the
total risk burden [30]. If baseline blood lipid levels are elevated and
overall cardiovascular risk is high, treatment with a lipid-lowering agent
(Table 2) should begin before or concurrently with lorlatinib initiation.
If overall risk is low despite abnormal cholesterol levels, a watch-and-
wait strategy with frequent monitoring may be used.

All patients should be monitored for elevated blood lipids 1 month
after beginning lorlatinib. Patients with normal blood lipid values at
monitoring should continue taking lorlatinib and have their blood lipid
levels evaluated [18,30] at each follow-up visit. Because lipid meta-
bolism can be disrupted by lorlatinib, in rare instances, it is possible for
lipid levels to rise to very high levels by the time of the first follow-up
visit; however, in most instances, checking lipids at baseline and at
each follow-up visit is sufficient for monitoring.

Management with statins (list of preferred statins is presented in
Table 2) is recommended at the first sign of laboratory-evident hyper-
lipidemia. For hyperlipidemia that persists despite treatment, the
recommendation is to increase the dosage or switch to a new lipid-
lowering therapy. If maximum statin doses are not lowering levels
adequately in patients with hypercholesterolemia, ezetimibe can be
added. Fenofibrate can be added to help lower triglyceride levels if
statins are insufficient at controlling the triglyceride levels [18,30].
While statins are typically well tolerated, intolerance may occur in the
form of undesirable side effects, like myalgia [33,34]. If a patient is
statin intolerant or there is a lack of response to maximum lipid-
lowering therapies, the patient should be referred to cardiovascular or
lipid clinics. Here, specialists may prescribe PCSK9 inhibitors or other
alternative lipid-lowering therapies. PCSK9 inhibitors, including alir-
ocumab and evolocumab, lower low-density lipoprotein levels in the
blood and are approved in the US and Europe for patients who are statin
intolerant [33,34]. In two case studies, PCSK9 inhibitors lowered the
serum total cholesterol in patients with hypercholesterolemia caused by
lorlatinib [35]. In the rare instances [12] of lipids becoming severely
elevated (life-threatening per CTCAE criteria; total cholesterol >500
mg/dL [12.93 mmol/L] or triglycerides >1000 mg/dL [11.29 mmol/L]),
lipid levels can be reduced by temporally interrupting lorlatinib and
initiating mitigation strategies. Once cholesterol falls to a lower value,
such as <400 mg/dL (10.34 mmol/L) and/or triglycerides are <500 mg/
dL (5.65 mmol/L), lorlatinib can be reintroduced at the same dose
[18,30].

Triglyceride levels >1000 mg/dL (11.29 mmol/L) have been asso-
ciated with acute pancreatitis, but the threshold varies by individual and
has been indicated to be as low as >500 mg/dL (5.65 mmol/L)
[30,36,37]. Healthcare providers should be wary of the signs and
symptoms. Acute pancreatitis is diagnosed when 2 of 3 characteristics
are present: abdominal pain, increased pancreatic enzymes >3 times the
upper limit of normal, and imaging evidence of acute pancreatitis
[36,37]. Management is based on the severity of acute pancreatitis, but
initial treatment may range from conservative treatment with intrave-
nous fluids, bowel rest, and pain control to admission to the intensive
care unit. Long-term treatment focuses on lowering triglyceride levels.

While patients are taking lipid-lowering medications, blood lipids
should be reassessed monthly until lipid laboratory values have stabi-
lized or improved [30]. If hyperlipidemia remains uncontrolled despite
maximal treatment with lipid-lowering agents, only then should dose
reductions of lorlatinib be considered [18,30].

4.2. Edema

Edema was reported in 56% of lorlatinib patients in the CROWN
study (Table 1) [12]. Lorlatinib-associated edema is most frequently
reported as peripheral edema or swelling [18], although facial and
periorbital edema have also been reported. Edema occurs with a median
time to onset of 42 days and a median duration of 163 days (Fig. 2) [18].
Most patients experience either grade 1 (mild) or 2 (moderate) events;
only 4% of patients had a grade 3 (severe) event, however, edema was
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the most common reason for dose reduction (7%) [12,38]. In practice,
determining how much the edema affects the patient or the daily
functioning of the patient is a more useful approach than following
CTCAE grades of severity.

Edema management strategies are presented in Fig. 3B. Patients
should be assessed for illnesses or comorbidities that may cause edema,
such as underlying heart disease or renal/thyroid dysfunction [30], and
evaluated for signs of edema at each follow-up visit.

If edema is present but is not bothersome, lifestyle modifications
(Table 2) should be suggested, with no need to alter the regular follow-
up schedule. For edema that is mildly or moderately bothersome, ther-
apeutic interventions such as physiotherapy, lymphatic drainage mas-
sage, and compression stockings can provide relief. While there is
limited scientific evidence to support the use of diuretics, based on the
authors’ clinical experience in managing edemas, diuretics can be used
as an option for management. However, diuretics may result in elec-
trolyte imbalances, which may increase the risk of prolonged QT in-
tervals and should be used carefully [39,40]. While not reported in
CROWN, QT prolongation occurred in 6.4% of the 295 patients who
received lorlatinib 100 mg once daily in the phase 1/2 study [18].
Consider regular electrolyte monitoring and potential supplementation
to maintain electrolytes within normal range [39,40]. If the edema is
persistent, other causes should be considered and healthcare providers
are encouraged to consult with the respective specialist (ie, cardiologist,
endocrinologist, etc.) to help identify other solutions (Table 2). Severely
bothersome edema that greatly impacts patients’ day-to-day activities
should be managed by maximizing mitigation strategies and temporarily
interrupting lorlatinib until symptoms improve, at which point the pa-
tient can be rechallenged with lorlatinib at a reduced dose.

Patients with symptoms of bothersome edema should be reassessed
approximately monthly and mitigation strategies modulated based on
symptom severity. In patients with severely bothersome edema that has
not improved upon reassessment, the lorlatinib dose should be further
reduced in 25-mg decrements. If symptoms of severe edema improve,
lorlatinib therapy can be maintained or, based on clinical judgement,
possibly increased if the dose is <75 mg, with routine monitoring.

4.3. Weight gain

In the CROWN trial, weight gain was experienced by 44% of patients,
and 20% of patients experienced grade 3 weight gain, defined as a >20%
increase from baseline, during treatment with lorlatinib (Table 1)
[12,38]. Weight gain alone rarely led to dose modifications (1% of pa-
tients) and no discontinuations due to weight gain were reported. The
incidence and prevalence of weight gain tend to increase over time, with
a median time to onset of 112 days and median duration of 778 days
[12]. Weight gain is not isolated to treatment with lorlatinib but has also
been observed in patients treated with other TKIs, most notably alectinib
[41]. It is unclear why weight gain is a side effect of treatment with ALK
TKIs; however, an increase in appetite has been reported by some pa-
tients, suggesting that body weight increase may be associated with
increased caloric intake [18].

Weight gain management strategies are described in Fig. 3B. Patients
should be advised that they may experience weight gain [18] and should
report any impact on QOL. Weight gain is also context dependent as
some patients may have incurred unintentional weight loss due to the
underlying disease. Thus, it may be preferable to choose a baseline that
is the patient’s healthy weight prior to cancer diagnosis, rather than
their nadir weight. In general, weight gain of 10% above baseline may
not warrant intervention, whereas management may be needed for in-
creases of >20% [18,32,38]. For weight gain that is not bothersome to
the patient, no interventions are generally recommended. Information
on lifestyle modifications and toxicity management (Table 2) may be
useful for weight gain above an ideal weight, regardless of whether it is
bothersome or not; however, recommendations should be personalized
with ability/interest taken into consideration. There are currently no
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data on the use of semaglutide or other incretins in the management of
lorlatinib-induced weight gain. Further studies of the use of incretins to
manage lorlatinib-induced weight gain are warranted before any rec-
ommendations can be rendered. Any use of semaglutide or other
incretins should be per approved indications and under expert physician
management of the potential side effects, such as delayed gastric
emptying [42,43].

Body weight increases and edema are sometimes experienced
concurrently [18]. If weight gain and edema are experienced together,
edema should be managed first, as a reduction in edema can influence
body weight. Dose modifications for weight gain alone are only rec-
ommended if weight continues to be severely bothersome after the
addition of lifestyle modifications.

4.4. Peripheral neuropathy

In the CROWN trial, 40% of patients experienced peripheral neu-
ropathy (Table 1), with a median time to symptom onset of 105 days and
median duration of 380 days. Dose reductions and discontinuations due
to peripheral neuropathy were reported in 3% and 1% of patients,
respectively [12]. Lorlatinib-associated peripheral neuropathy is typi-
cally mild and reversible following lorlatinib dose modifications. Pe-
ripheral neuropathy is primarily experienced as paresthesia, although
patients may also experience peripheral sensory neuropathy and
muscular weakness. Symptoms are commonly described as tingling,
numbness, and pain at night, starting typically in the digits of the hands
and feet and then moving more proximally in the extremities. Lorlatinib
may exacerbate symptoms in patients with preexisting carpal tunnel
syndrome. Patients with peripheral neuropathy often also report weight
gain and/or edema [18].

Peripheral neuropathy management strategies are described in
Fig. 3B. Prior to initiating therapy, patients should be assessed for any
underlying causes of peripheral neuropathy (eg, diabetes) [30] and
informed that although peripheral neuropathy is relatively common
with lorlatinib therapy, symptoms are usually mild and reversible with
dose modifications. At each follow-up visit, patients should be reeval-
uated for signs and symptoms of peripheral neuropathy. A description of
the most common symptoms of peripheral neuropathy (numbness or
tingling in the fingers) and examples of functional detriment (ie, diffi-
culty buttoning shirts or jackets) may be useful for patients to aid in
monitoring [32].

For peripheral neuropathy that is present but not bothersome, miti-
gation strategies with lifestyle and/or pharmacological interventions
should be applied (Table 2). For mild to moderately bothersome neu-
ropathy, lorlatinib should be temporarily withheld while using toxicity
management. Once symptoms resolve, lorlatinib may be reintroduced at
the same or reduced dose based on the physician’s discretion. In patients
with severely bothersome or recurrent peripheral neuropathy, treatment
with lorlatinib should be temporarily interrupted while maximizing
mitigation strategies until symptoms improve, at which point the patient
should be rechallenged at a lower dose.

4.5. CNS effects

In the CROWN study, 39% of patients experienced CNS AEs while
taking lorlatinib; however, the majority (86% [50/58] of patients who
experienced CNS AEs) were of grade 1/2 severity. In real-world studies
of second-line or later lorlatinib treatment, the incidence of CNS AEs
varied from 3% to 32%; the discrepancy and low incidence may be a
result of mild symptoms not being reported in real-world studies
[24,44]. In CROWN, the most common CNS AEs of any grade were
cognitive, mood, speech, and psychotic effects (Table 1) [12]. The me-
dian times to onset of CNS AEs were 37 days for mood, 44 days for
psychotic, 105 days for speech, and 155 days for cognitive effects. Me-
dian duration also varied—63 days for psychotic, 192 days for mood,
221 days for cognitive, and 229 days for speech effects (Fig. 2) [12,27].
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Most CNS effects (56%) were resolved with either no intervention,
concomitant medication, dose modification, or a combination [12]. A
key feature is the importance of rapid diagnosis of CNS AEs, as early
temporary treatment discontinuation can lead to rapid reversal of such
AEs, especially in combination with a dose reduction at the time of re-
initiation of lorlatinib therapy.

Cognitive changes are commonly experienced as memory impair-
ment, cognitive disorder, and amnesia. Patients have reported “sluggish
thought,” “fogginess,” “trouble connecting the dots,” difficulty multi-
tasking, difficulty finding the right words, issues with short-term
memory or recall, and confusion and hallucinations in severe cases [18].
Within the trials, cognitive AEs led to dose reduction and permanent
discontinuation in 2% and 1% of patients, respectively [12]. Pragmati-
cally, early reduction may lead to improved AE symptoms faster. Mood
changes associated with lorlatinib are most often reported as irritability,
anxiety, depression, and affect lability. When patients first start treat-
ment with lorlatinib, some report feeling a little “energized” or “buz-
zed.” Patients also report “feeling flat” and/or “feeling less excited about
things” [18]. Dose reductions due to mood effects were reported in 2% of
patients in the clinical trials [12]; early identification of this AE and dose
modification may aid in restoration of function and QOL faster. Psy-
chotic effects (typically hallucinations) were reported in 5% of patients
in the CROWN study, and dose reductions due to psychotic effects
occurred in 1% of patients [12,27]. Speech effects included dysarthria,
slow speech, and speech disorder [18]. Dose reductions due to speech
effects were experienced by 1% of patients [12]. In the CROWN study,
no patient permanently discontinued treatment based on mood, psy-
chotic, or speech effects [12]. It is important to note that the majority of
CNS AEs do not present as psychosis but are actually more similar to how
patients describe their cognitive abilities while receiving chemotherapy,
often referred to as “chemo fog.”

Management strategies for CNS effects are described in Fig. 3B.
Because of the near-complete control of CNS disease from lorlatinib, it is
reasonable to interrupt lorlatinib administration temporarily at the first
instance of presumed CNS AEs and wait up to a week or two for
improvement, before seeking brain imaging; this is because the vast
majority of lorlatinib-associated CNS AEs will abate within a few days of
temporary dose interruption. Brain imaging can be considered in the
presence of residual or severe CNS symptoms. Some patients, particu-
larly those with brain metastases, brain radiation, psychiatric illness,
and use of neurotropic medication, may be predisposed to developing
CNS AEs while taking lorlatinib [19]. Patients with these risk factors
should be more closely monitored for the development of CNS AEs and
may be considered for a lower starting dose of lorlatinib. Caregivers,
family members, and patients should be encouraged to report any
changes in cognitive ability, mood (including irritability), or speech
patterns during treatment with lorlatinib and assured that these changes
(including apparent personality changes) can be generally managed
with dose modifications and are usually temporary [18,30]. At every
visit, asking questions regarding memory problems, impaired judgment,
changes in mood or interactions with family members, and a quick re-
view of the CNS AEs can help trigger early reporting.

Patients should be referred to specialists (ie, psychiatrists, neurolo-
gists) only when temporary dose interruption and dose reduction do not
result in elimination or improvement in CNS symptoms, to ensure the
cause of the CNS symptoms is not a psychiatric or neurologic disorder.
Unlike other AEs, for symptoms of CNS AEs that are even mildly to
moderately bothersome, lorlatinib should be temporally withheld until
symptoms improve and subsequently reintroduced; this may be the rare
instance in which early dose reduction should be implemented, even
with mild symptoms. Certainly, for the rare patient with severe CNS AE
symptoms, temporary dose interruption and dose reduction are
mandatory. Absence of significant improvement within a few weeks of
dose interruption may trigger further psychiatric or neurologic evalua-
tion, with the help of specialists, as lorlatinib may rarely trigger or
worsen pre-existing psychiatric or neurologic disorders. Close follow-up
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during dose interruption (even sometimes weekly in extreme cases) and
regular follow-up after dose reduction are encouraged. Most cases can be
managed using this approach, with good results and maintenance of
long-term use of lorlatinib.

5. Challenges and limitations of “prepare, monitor, manage,
reassess” for AE management

This guide is focused on the most common AEs (hyperlipidemia,
edema, weight gain, peripheral neuropathy, and CNS effects) attributed
to the unique safety profile of lorlatinib (Table 1) [12,18]. While the
guide provides detailed management strategies for those AEs, it does not
address management strategies for other common AEs experienced with
lorlatinib, such as gastrointestinal effects and fatigue [13]. However,
these AEs are also common with the other ALK TKIs and other cancer
treatments; therefore, prior publications addressing management stra-
tegies for these common AEs are also applicable to lorlatinib
[20,21,28,45,46].

Another potential challenge with the framework of this AE man-
agement approach is the frequency of monitoring and reassessing ap-
pointments. Since the median PFS with first-line lorlatinib has not been
reached after 36.7 months of follow-up in CROWN [12], patients are
expected to be on treatment for years. Therefore, while this AE man-
agement framework may be proactive, adherence to the schedule may
decline after years of treatment. Initially, the patient should be assessed
frequently after beginning lorlatinib treatment, but the long-term fre-
quency of follow-up appointments may vary based on healthcare pro-
vider discretion.

6. Conclusions

Lorlatinib is an effective treatment option for patients with ALK-
positive metastatic NSCLC.[6] Lorlatinib has a distinct safety profile
[18,19]. With appropriate and immediate therapy management, patient
tolerability can be preserved in conjunction with clinical benefit
[12,26,27]. Proactive therapy management requires general knowledge
regarding the symptoms, incidence, and timeline of common lorlatinib-
associated AEs, as well as open communication between healthcare
providers, patients, and caregivers. The healthcare team can educate
patients and their caregivers on the timeline and incidence rates of
lorlatinib AEs. The schema of “prepare, monitor, manage, reassess”
outlined here provides a patient-centric and pragmatic framework for
lorlatinib AE management that can be easily implemented in routine
clinical practice with the goal of maintaining patient QOL and disease
control. A focus on both subjective (how bothersome is the AE) and
objective (how functionally detrimental is the AE) aspects of the AE
provides a pragmatic basis for management. Once AEs are recognized,
management strategies include mitigation strategies (such as lifestyle
modifications and addition of symptom-relief concomitant medications)
and/or dose modifications based on the impact of non-laboratory AEs on
patient lifestyle and QOL. The decision to use mitigation strategies
should be reassessed frequently, and lorlatinib doses may be titrated up
or down as symptoms change without sacrificing efficacy. A video
summary of this manuscript is available as part of the Supplement.
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