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Abstract: As a novel third-generation ALK tyrosine kinase inhibitor (TKI), lorlatinib has shown excellent systemic and intracranial
activity in non-small cell lung cancer (NSCLC) patients who carry sensitizing ALK-activating mutations and progress on first-
and second-generation TKIs. In comparison with other ALK-TKIs, lorlatinib has a unique safety profile for hyperlipidemia and central
nervous system adverse events. Lorlatinib-induced adverse events are well tolerated, permanent discontinuations are rarely reported,
and dose modifications and/or standard medical therapy are useful for the management of adverse events. Our present study reviews
the safety profile of lorlatinib as well as the relevant management strategies. Our present study aims to provide a practical guide for the
scientific management and application of lorlatinib.
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Introduction

Lung cancer is one of the most common types of cancer and has the highest cancer-related mortality worldwide, with a 5-year
survival rate of only 10 to 20%."* Non-small cell lung cancer (NSCLC) accounts for 85% of all reported lung cancer cases.’
Based on pathologic classification, NSCLC is further classified into three major subtypes: adenocarcinoma, squamous carcinoma
and large cell carcinoma.* With the understanding of the molecular biology of NSCLC, numerous small molecular tyrosine
kinase inhibitors (TKIs) have been successfully approved as targeted therapies in patients with oncogene-driven mutations,
which are tremendous advances in NSCLC treatment.”° In comparison with traditional platinum-based chemotherapy, TKIs
significantly improved overall survival (OS) and quality of life in NSCLC patients with oncogenic driver mutations.”

Epidermal growth factor receptor (EGFR) mutations and anaplastic lymphoma kinase (ALK) rearrangements are the
most common types of targetable driver mutations in NSCLC, which are generally mutually exclusive. Rearrangements
of ALK are present in 5% of NSCLC patients, especially those with no or light smoking history, adenocarcinoma
histology, younger age and female sex.® The approval of TKIs has revolutionized the prognosis and management of
ALK-positive NSCLC. Currently, there are three generations of ALK-TKIs have been approved for the first-line and later
treatment of ALK-positive NSCLC, such as the first generation of crizotinib, the second generation of alectinib,
brigatinib, ceritinib, and ensartinib, the third generation of lorlatinib. The efficacy and safety of these TKIs have been
widely explored in large-scale, multicenter, randomized controlled trials.

As a novel, highly potent inhibitor of ALK, lorlatinib competitively binds to the adenosine triphosphate-binding pocket,
blocking ALK-dependent oncogenic signaling (Figure 1). Previous studies have reported that lorlatinib exhibited anticancer
effects in naive ALK-positive NSCLC and those harboring mutations in ALK that conferred resistance to ALK inhibitors,
including G1202R and I1171N mutations.”'® A remarkable molecular structure feature of lorlatinib is that it is macrocyclic,
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Figure | The anticancer mechanism of lorlatinib.

which distinguishes it from other first- and second-generation ALK-TKIs."' Furthermore, lorlatinib could effectively penetrate
the blood-brain barrier in part by minimizing p-glycoprotein-1-mediated efflux, exhibiting highly effective treatment of those
with CNS metastases.”'> Hence, lorlatinib was approved as a subsequent line therapy for ALK-positive advanced NSCLC in
2018 and was approved for use in the first-line setting in later days.'>'*

As shown in previous clinical trials and real-world studies, treatment with lorlatinib is usually well tolerated, and the
most common adverse events of lorlatinib include hypercholesterolemia, hypertriglyceridemia, edema and peripheral
neuropathy.'>'® Grade 3 or 4 laboratory abnormalities of hypercholesterolemia, hypertriglyceridemia and hyperglycemia
should also be noted, and treatment discontinuation due to adverse events was 7% with lorlatinib, as in the CROWN
trial.'*!”

This review summarizes the clinical safety of lorlatinib for ALK-positive NSCLC patients. The data are based on
drug evaluation reports, clinical trials and real-world studies. It is important to regularly monitor common and special
ADRs for oncologists and pharmacists. Early detection and intervention could help to minimize the consequences of
ADR and maximize patient benefits. It is worth noting that ADR involves different organ systems, and multidisciplinary

team management is crucial for the safe use of lorlatinib in ALK-positive NSCLC.
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Hyperlipidemias

Hyperlipidemia is the most common ADR of lorlatinib in ALK-positive NSCLC, and hypercholesterolemia and hypertriglycer-
idemia are most commonly seen. Although they have a high incidence, hypercholesterolemia and hypertriglyceridemia are
generally manageable and rarely result in temporary discontinuation or dose reduction.'® Pooled data from the Phase 1/2 study of
295 patients who received lorlatinib at the recommended dose of 100 mg QD. Among these patients, the incidence rates of
hypercholesterolemia and hypertriglyceridemia were 96% and 90% respectively, and most of which were primarily grade 1 or 2
in severity. The median time to onset is 15 days of treatment, typically within the first few weeks.'” As shown in CROWN study,
the higher incidences of grade 3—4 adverse events in the lorlatinib group were hypertriglyceridemia (23%) and hypercholester-
olemia (19%)."” The results of a global Phase 2 trial of lorlatinib in ALK-positive advanced NSCLC showed that in Asian
patients and non-Asian patients, the incidence rates of hypercholesterolemia were 83.3% and 83.9% respectively, while the
incidence rates of hypertriglyceridemia were 75.9% and 57.1% respectively. Grade 3—4 hypercholesterolemia (15.7% Asian and
14.3% non-Asian patients) and hypertriglyceridemia (25.9% Asian and 12.4% non-Asian patients) were also reported in this
study.?” In the subgroup analysis of the Chinese population and Japanese population, a similar tendency was observed. The rates
of hypercholesterolemia and hypertriglyceridemia development were 92.7% and 90.8% respectively in the Chinese population.?’
For the subgroup of the Japanese population, the incidence rates of hypercholesterolemia (79.5%) and hypertriglyceridemia
(76.9%) are lower.”> An international real-world analysis of the safety of lorlatinib showed that the most common grade 1 to 2
treatment-related AEs recorded among all patients (n=95) were hypercholesterolemia (61%; Asians: 63% and non-Asians: 53%)
and hypertriglyceridemia (43%; Asians: 43% and non-Asians: 42%), and grade 3 AEs included hypercholesterolemia (8%) and
hypertriglyceridemia (4%).%

The management of hypercholesterolemia and hypertriglyceridemia is important for NSCLC patients who receive
lorlatinib, especially for those with a history of cardiovascular disease. Monitoring of serum cholesterol and triglyceride
levels by routine laboratory testing is necessary before and throughout treatment with lorlatinib. The intervention of
lorlatinib hyperlipidemias is mainly based on different grades. When lipid levels are elevated after the administration of
lorlatinib for a few days, lipid-lowering agents (such as statins) and lifestyle modifications are necessary.”* For some
patients with elevated cholesterol (upper limit of normal, 300 mg/dL (upper limit of normal, 7.75 mmol/L)) and/or
triglyceride levels (150-300 mg/dL (1.71-3.42 mmol/L)), coadministration of a preferred statin is recommended at the
initial treatment.'®* The choice and dosing of statins are mainly based on avoiding metabolizing enzymes CYP450
enzyme-induced drug interactions. As reported in previous studies and guidelines, pitavastatin, pravastatin, or rosuvas-
tatin are recommended because of their low involvement with specific CYP450 enzymes that can interact with
lorlatinib.?® In addition to statins, other lipid-lowering agents are also necessary for hyperlipidemia. Bauer et al'® have
reported that at least one lipid-lowering agent is needed for most patients (81.0%) who received lorlatinib, and 22.1% and
30.8% required two or more agents for hypercholesterolemia and hypertriglyceridemia, respectively. When cholesterol
levels are >500 mg/dL and/or triglyceride levels are >1000 mg/dL, dose interruptions of lorlatinib are recommended."’
When total cholesterol and TG decrease to levels below 400 mg/dL and 500 mg/dL, respectively, lorlatinib could be
considered for rechallenge. It is worth noting that the lorlatinib dosage should be reduced to 75 mg once daily when
severe hyperlipidemia recurs despite optimized lipid-lowering therapy.

Central Nervous System (CNS) Adverse Events

A low propensity for P-glycoprotein 1-mediated efflux and a good brain penetration were observed for lorlatinib,'® and
the higher accumulation of lorlatinib in the brain will always be accompanied by CNS AEs. Interestingly, CNS AEs are
a distinct toxicity profile of lorlatinib when compared with other ALK-TKIs. Previous studies have reported that
cognitive, mood, psychotic, and speech effects are the most common CNS AEs of lorlatinib. The CNS AEs were mainly
reported within the first 2 months of lorlatinib administration, and dose modification is useful for alleviating CNS AEs.
The patient’s life, both physically and mentally, will always be affected by CNS AEs, even grade 1 to 2. The frequency of
CNS AEs in the Phase 3 CROWN study was 35%, while the frequency of second- or later-line AEs was 49% in
B7461001, 53% in NCT01970865, and 60% in the MGH cohort.?®” Previous studies have reported that the frequency of
these adverse events was 39.7%, and 11.9% of patients experienced more than one type of CNS AE."? Shaw et al*® also
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reported that CNS AEs occurred in 58 (39%) of 149 patients who received lorlatinib, and 34% were of grade 1-2
severity. The incidence rate and time were significantly different among CNS AEs of lorlatinib. The incidence rate of
cognitive AEs was 23.1%, and the median time to onset was 53 days (range 1-423 days). The incidence rate of mood
disorders was 21%, and the median time to onset was 43 days (range 1-452 days). The incidence rate of cognitive AEs
was 9.5%, and the median time to onset was 42 days (range 1-404 days). Interestingly, previous studies have reported

that the frequency of CNS AEs is significantly lower in the Asian population. Lu et al*!

reported that the frequency of
patients with CNS AEs (cluster terms of mood effects, cognitive effects, psychotic effects, and speech effects) was lower
overall (6.4%) in the Chinese population when compared with the results of the global phase 2 study. Subgroup analysis
from the global phase 2 trial NCT01970865 showed that cognitive effects and mood effects were lower in the Asian
population.?’

The management of lorlatinib-induced CNS AEs mainly depends on the grade of the adverse event. Dose interrup-
tions should be considered in the presence of grade 1 CNS effects, and the same or lower dose of lorlatinib is
considerable upon recovery to baseline. For grade 2 or 3 CNS AEs, a temporary discontinuation is needed until
symptoms resolve to grade<l, with resumption at a reduced dose. Severe events (grade 4) should be managed by
permanent discontinuation of lorlatinib.'” For patients rechallenged with the same or lower dose of lorlatinib, the
frequency of CNS AEs was 21.2% and 12.1% respectively. The severity of cognitive effects and mood effects were
generally grade 1 or 2, with 6.5% of cases grade 3 and no grade 4 events reported. It is worth noting that the identification
of lorlatinib-induced CNS AEs is important for the proper use of lorlatinib. Previous studies have reported that brain
metastasis, CNS radiation, preexisting psychiatric illness, and certain neurotropic medications are risk factors for CNS
AEs.” Moreover, a mental baseline state assessment is important before initiating lorlatinib treatment, and mood and
cognition should be monitored during treatment.

Peripheral Neuropathy

Peripheral neuropathy is one of the most common AEs associated with lorlatinib, and the frequency of these AEs was
47% in a previous phase 1/2 study, with a median time to onset of 77 days (range, 1-723).'®'* Within the cluster term,
the peripheral neuropathy adverse events seen with lorlatinib included paresthesia, peripheral neuropathy, peripheral
sensory neuropathy and muscular weakness. Tingling, numbness, and pain at night in the extremities were the main
symptoms of peripheral neuropathy. The severity of peripheral neuropathy adverse events was mild for most patients, and
dose modifications or interruption is useful for rescue.

The management of peripheral neuropathy is mainly based on its severity. For grade 1 and 2 events, reducing the dose of
lorlatinib is the best choice. For grade >3 peripheral neuropathy, treatment should be temporarily discontinued and enforced
until reduced to grade <2 or returned to baseline. In addition, a reduced lorlatinib dose is needed for rechallenged patients. For
patients with severe symptoms, some medical therapy is needed. Vitamin Bl and vitamin B6 and medications for pain
associated with peripheral neuropathy are useful for relieving symptoms. For carpal tunnel syndrome, the use of a night splint
has been found to provide improvement in some patients. It is pivotal for monitoring the symptoms of peripheral neuropathy at
baseline and follow-up consultations.

Edema
Edema is a common adverse event of ALK-TKIs, especially for lorlatinib. Previous studies have reported that the
frequency of edema was 51.2%, with a median time to onset of edema of 42 days (range, 1-232).'® Edema-induced dose
interruptions (5.8%) and reductions (6.1%) were most common in clinical practice. Solomon et al'® reported that the
frequency of edema was lower in the Chinese population when compared with the lorlatinib phase 2 global study (26.6%
vs 43%). 48.8% of patients experienced grade <2 adverse events, which indicated that most adverse events were mild in
severity.

Compression stockings, leg elevations, increased exercise, and reduced salt intake were recommended for mild-to-
moderate edema. Diuretics are also necessary for some conditions, such as signs of pulmonary edema or disruption to
quality of life. For some instances, if edema persists or worsens, a reduction or interruption in lorlatinib dose is needed

until resolution or return to baseline. Rechallenge should be initiated at a reduced dose.'’

734 https: OncoTargets and Therapy 2023:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Liao et al

Bodyweight Gain

As a common adverse event, 24% of patients experienced weight gain after administration of lorlatinib. Fortunately, most
body weight gain was grade 1 or 2 in severity,'” and these adverse event-induced dose interruptions or reductions were
not common in clinical practice. The appearance of body weight gain typically occurred within 2 months of initiation of
lorlatinib, with a median time to onset of 64 days (range 1-519 days). The administration of lorlatinib is always
accompanied by increasing appetite, and body weight gain may be linked to increased food intake. The management of
bodyweight increase is easy, and mainly focuses on implementing weight reduction activities such as diet and moderate
exercise. Lifestyle modifications are preferred over lorlatinib dose reductions.

Heart Toxicity

With the wide use of TKIs, lorlatinib-induced heart toxicity, such as QTc prolongation and atrioventricular blocks, has
attracted increasing attention. A previous study enrolled healthy volunteers who were administered lorlatinib, and the
results showed that PR prolongation was observed for some cases but without atrioventricular blocks. For lorlatinib in
295 advanced NSCLC patients, the frequencies of grade 1 and grade 3 atrioventricular blocks were 0.7% and 0.3%
respectively. The incidence of QTc prolongation was higher (6.4%) when compared with atrioventricular blocks, most of
which were grade 2 or less, and temporary interruption was also observed for one patient with grade 3 QTc
prolongation.®® Hence, an electrocardiogram evaluation before initiating lorlatinib therapy is meaningful. It is also
suggested that electrocardiogram evaluation should be repeated every four months during treatment or whenever justified
by heart toxicity symptoms.

Other AEs

Except for the abovementioned common AEs, other uncommon AEs should also be noted in clinical practice. Similar to
other ALK-TKIs, interstitial lung disease (ILD) or pneumonitis was also observed for lorlatinib in advanced NSCLC, and
the incidence of any grade ILD was 0.6%. Like hypercholesterolemia and hypertriglyceridemia, hyperglycemia was
another metabolic phenotype adverse event of lorlatinib. Bauer et al'® reported that the frequency of lorlatinib-induced
hyperglycemia was 2.2% in a phase 2 study: four out of 275 patients were grade 1-2 (1.5%), and two out of 275 patients
were in grade 3 (0.7%). In addition, lorlatinib induced rare AEs, such as proteinuria, visual and auditory hallucinations,
pulmonary arterial hypertension and renal impairment. The reported adverse events related to lorlatinib treatment are
summarized in Table 1.

Table 1 The Reported Adverse Events Related to Lorlatinib Treatment

Adverse Events Incidence Rate References
Hyperlipidemias Hypercholesterolemia (96%), hypertriglyceridemia (90%) [19]
Grade 3—4 hypertriglyceridemia (23%), grade 3—4 hypercholesterolemia (19%) [17]

Hypercholesterolemia (Asian patients 83.3% and non-Asian 83.9%), hypertriglyceridemia (Asian patients | [20]
75.9% and non-Asian 57.1%)

Grade 3—4 hypercholesterolemia (Asian patients 15.7% and non-Asian 14.3%), grade 3—4 [20]
hypertriglyceridemia (Asian patients 25.9% and non-Asian 12.4%)

Hypercholesterolemia (92.7%), hypertriglyceridemia (90.8%) [21]

Hypercholesterolemia (79.5%), hypertriglyceridemia (76.9%) [22]

Hypercholesterolemia (61%; Asians: 63% and non-Asians: 53%) and hypertriglyceridemia (43%; Asians: [23]
43% and non-Asians: 42%)

Grade 3 hypercholesterolemia (8%) and hypertriglyceridemia (4%) [23]

(Continued)
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Table 1 (Continued).

Adverse Events Incidence Rate References
CNS AEs CROWN study (35%), B7461001 (49%), NCT01970865 (53%), MGH cohort (60%) [26,27]
Total (39.7%), more than one type of CNS AEs (11.9%) [19]
Total (39%), 34% were of grade -2 severity [28]
Total (6.4%) [21]
Peripheral Neuropathy | 47% [18,19]
Edema 51.2% [16]
26.6% [15]
Bodyweight gain 24% [19]
Heart toxicity Atrioventricular blocks (grade I: 0.7%, grade 3: 0.3%) [30]
QTc prolongation (6.4%) [30]
Other AEs Interstitial lung disease (0.6%) [19]
Hyperglycemia (2.2%) [19]
Proteinuria, visual and auditory hallucinations, pulmonary arterial hypertension and renal impairment [19]
(unknown, but rare)

Drug-Drug Interactions

Lorlatinib is mainly metabolized by cytochrome P450 (CYP)3A4 in the liver; to a smaller extent, CYP2C8, CYP2C19,
CYP3AS, and lorlatinib are moderate inducers of CYP3A at steady state. Hence, drug-drug interactions with lorlatinib
should be considered when concomitant administration of supportive therapy. Lorlatinib plasma concentrations may be
significantly affected by concomitant administration with strong CYP3A4/5 inducers or inhibitors. Hence, these
concomitant administrations are contraindicated or avoided. When a strong CYP3A4/5 inhibitor or inducer must be
prescribed, the lorlatinib dosage should be moderated according to the guidelines, preferably based on the plasma
concentration. Li et al have reported that lorlatinib could be coadministered with moderate CYP3A inducers, such as
modafinil.*! Moreover, lorlatinib is a moderate CYP3A4/5 inducer, and concomitant CYP3A4/5 substrates should be
noted. As an oral dosage, lorlatinib exposure is associated with the administration, distribution, metabolism and
excretion. Besides the interaction of metabolism enzymes, the effect of transporters such as P-glycoprotein should also
be considered, as lorlatinib is a moderate inducer of P-glycoprotein. Previous studies have reported that no dose
adjustments are recommended for patients with mild hepatic impairment or mild-to-moderate renal impairment.*? In
addition to drug-drug interaction, drug-food interactions are also pivotal for oral dosage. Xu et al reported that lorlatinib
can be administered regardless of food intake.*

Acquired Resistance to Lorlatinib

Although it has significant clinical activity, acquired resistance to lorlatinib inevitably occurs. The mechanism of
acquired resistance has been widely reported, often due to the development of compound ALK mutations and bypass
signaling and changes in cell types.®** Yoda et al* reported that ALK C1156Y/L1198F and G1202R/L1196M were the
most common compound mutations for lorlatinib resistance. In addition, ALK T1171S/G1269A, L1196M/D1203N,
G1202R/F1174L, G1202R/L1196M and D1203N/I1171N mutations are other potential resistance mechanism that have
been reported.’®>” Bypass signaling and changes in cell types are other mechanism of off-target resistance to lorlatinib.
Previous studies®’~** have reported that the activation of EGFR, MET, KIT, KRAS or AXL is the most common bypass
signaling pathway, and transformations to small cells and epithelial-mesenchymal transition were also reported in
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previous studies. As the risk for drug toxicities would be increased by increasing lorlatinib dosing, hence, dose expansion
is not recommended to overcome lorlatinib-induced acquired resistance. Previous studies®**’ have reported that two
fourth-generation ALK-TKIs (TPX-0131 and NVL-655) exhibited good inhibition of acquired double “compound” ALK
mutations in preclinical studies, and Phase I-II studies are ongoing.

Conclusion

As an oral, reversible, highly selective third-generation ALK TKI, lorlatinib is an effective therapy method for ALK-
positive NSCLC. Different from other ALK-TKISs, lorlatinib is effective for those resistance mutations acquired from the
first- and second-generation ALK TKIs, and its strong intracranial activity is also noteworthy. Most lorlatinib-induced
adverse reactions are similar to those of other ALK-TKIs, and lorlatinib induced AEs are also generally well tolerated.
However, lorlatinib-induced particular toxicity profiles, such as hypercholesterolemia, and hypertriglyceridemia are
worth noting, as these AEs may be rather challenging for cancer-treating. Furthermore, drug interactions should also
be considered when concurrently administrating of lorlatinib and other supportive therapies.
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