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Abstract: Drug-induced interstitial lung disease (DI-ILD) is a rare adverse event associated with targeted
therapies that inhibit the anaplastic lymphoma kinase (ALK) protein. Although newer-generation ALK
inhibitors such as alectinib significantly improve survival in metastatic ALK-rearranged non-small cell lung
cancer (NSCLC), the risk of DI-ILD is similar to that of earlier-generation therapies. Lorlatinib is a third-
generation ALK inhibitor that is active in patients with metastatic NSCLC whose tumors have developed
secondary resistance to alectinib. While it is associated with low rates of DI-ILD in initial phase 1/2 clinical
trials, the safety of lorlatinib in patients with a history of DI-ILD has not been well-described. In this
case series, we therefore report two patients with metastatic ALK-rearranged NSCLC who each tolerated
lorlatinib following recovery from alectinib-related DI-ILD. Both cases were notable for the acute onset
of dyspnea, hypoxia, and diffuse ground-glass opacities within one month of initiating alectinib. With
no alternative etiology of pneumonitis identified, both patients were treated empirically for grade 3 DI-
ILD with corticosteroids and discontinuation of alectinib. Following rapid clinical recovery and eventual
radiographic resolution of opacities, each patient was started on lorlatinib at the time of cancer progression,
with neither person developing symptoms or radiographic findings consistent with recurrent DI-ILD. In the
following series, we describe these two cases in greater detail and discuss their significance within the context
of the prior literature. While further descriptions are needed, our experience suggests that lorlatinib may be

a safe therapeutic option in some patients who have recovered from DI-ILD.
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Introduction

Alectinib is a second-generation tyrosine kinase inhibitor
(TKI) that significantly improves progression-free survival
compared to crizotinib in untreated patients with metastatic,
anaplastic lymphoma kinase (ALK)-rearranged non-small
cell lung cancer (NSCLC) (1). Like other ALK inhibitors,
it is associated in rare cases with serious adverse events
such as drug-induced interstitial lung disease (DI-ILD) or
pneumonitis. Because DI-ILD is thought to represent a
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potential side-effect of all ALK inhibitors, switching from
alectinib to another targeted therapy within the same class
requires careful consideration in those patients who have a
history of DI-ILD.

Lorlatinib is a novel, third-generation ALK inhibitor
that has activity against acquired ALK resistance mutations
(e.g., G1202R) and has been associated with low rates (<1%)
of DI-ILD in phase 1/2 clinical trials (2-4). These previous
studies, however, specifically excluded patients who had a
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Figure 1 Serial CT images of the chest were collected in the first patient from the time of diagnosis through follow-up on lorlatinib. At the
time of presentation with NSCLC, no parenchymal abnormalities were observed aside from the primary tumor (not shown) (A). However,
bilateral, diffuse ground-glass opacities and septal thickening became apparent 29 days after the initiation of alectinib when the patient
developed worsening respiratory symptoms and hypoxia (B). Approximately 5 weeks after initiating corticosteroids and discontinuing
alectinib for grade 3 DI-ILD, the previously seen parenchymal abnormalities were significantly improved (C). After 10 weeks on lorlatinb
therapy, despite progression of NSCLC (not shown), only faint ground-glass opacities were visible compared to prior (D). NSCLC, non-

small cell lung cancer; DI-ILD, drug-induced interstitial lung disease.

history of grade 3—4 interstitial lung disease, and thus, both
the optimal treatment of such patients and the full safety
profile of lorlatinib with respect DI-ILD remain unclear.
To begin addressing some of these unanswered questions,
we describe two patients with 4ALK-rearranged NSCLC
who each safely tolerated lorlatinib without recrudescent
symptoms following recovery from grade 3 DI-ILD
secondary to alectinib. We present the article in accordance
with the CARE reporting checklist (available at http://
dx.doi.org/10.21037/tler-20-564) (5).

Case presentation
Case #1

An 80-year-old Asian, non-smoking man with a history of
stroke presented in 2018 with chest pain, fatigue, and weight
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loss. A CT scan revealed a cavitary mass in the left lower
lung measuring 6.5 cm x 4.3 cm x 3.3 cm without diffuse
parenchymal disease (Figure 14). PET-CT demonstrated
additional hypermetabolic activity in the left hilar (SUV
6.8) and para-esophageal lymph nodes (SUV 4.4), bilateral
adrenal glands (SUV 6.9), and right kidney (SUV 13.6).
MRI of the brain revealed a punctate enhancing lesion in
the right cerebellum, concerning for metastasis. Biopsy of
the cavitary lung mass was consistent with a CK7+, TTF1+,
CK20- lung adenocarcinoma with high PD-L1 expression
(70%). Fluorescence in-situ hybridization (FISH) further
revealed the presence of an ALK rearrangement.

Several weeks following the diagnosis of stage IV
(cT3N2M1c) ALK-rearranged NSCLC, the patient was
started on first-line alectinib 600 mg twice daily. On day
18 of therapy, he was admitted to the hospital with dyspnea
and chest pain secondary to both multifocal pulmonary
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emboli and a large left pleural effusion. Despite appropriate
treatment with therapeutic anticoagulation, placement
of an indwelling pleural catheter, and continuation of
alectinib, the patient developed worsening hypoxia on
hospital day 11, requiring 8 L/min of oxygen by high-
flow nasal cannula. A repeat CT scan of the chest at this
time showed regression of the known pulmonary emboli
and pleural effusion but interval development of diffuse
ground-glass opacities and septal thickening (Figure 1B).
Although sputum was positive for Enterobacter cloacae,
the patient had no fever or leukocytosis and did not
improve with piperacillin-tazobactam. Pulmonary edema
was similarly considered to be unlikely given negative
troponin levels (<0.055) and a recent echocardiogram
showing normal left ventricular function without valvular
abnormalities. Because the patient’s precarious respiratory
status prohibited bronchoscopy, methylprednisolone 60 mg
intravenously (IV) daily was started empirically for grade
3 pneumonitis. By 48 hours later, his clinical status had
improved significantly, with supplemental oxygen weaned
to 4 L/min. Alectinib was discontinued at this time, and the
patient continued to remain stable with decreasing oxygen
requirements while he awaited eventual discharge to a
skilled nursing facility.

Approximately four weeks after hospitalization, while
remaining on a slow steroid taper, a repeat CT scan of the
chest, abdomen, and pelvis showed resolving ground-glass
opacities (Figure 1C). However, there was also evidence of
tumor growth, and therefore, following a careful discussion
of the potential risks and alternatives, he started second-line
lorlatinib 100 mg daily a few weeks later. After 10 weeks
on lorlatinib, repeat CT scan of the chest, abdomen, and
pelvis showed only faint residual ground-glass opacities,
and the patient was asymptomatic without hypoxia despite
having been weaned to prednisone 2 mg daily, indicating no
recurrence of pneumonitis (Figure 1D). Unfortunately, the
CT scan also revealed progression in both the lung and left
adrenal gland, and a MRI of the brain showed new lesions
in the left temporal horn and left frontal lobe. Lorlatinib
was discontinued due to lack of efficacy, and the patient
was transitioned to hospice care. He passed away shortly
thereafter, with overall survival (OS) lasting approximately
7 months from the time of diagnosis.

Case #2

A 66 years old Caucasian, never-smoking woman with
a history of depression presented in 2018 with several
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weeks of intermittent pain in the right upper back. A CT
scan of the chest, abdomen, and pelvis showed a 2.9 ecm x
2.6 cm spiculated lesion in the right inferior hilar region of
the lung without diffuse parenchymal disease (Figure 2A).
Additional findings included subcarinal and hilar
lymphadenopathy, multiple liver lesions measuring up to
2.5 c¢m, and a nodular density near the left adrenal gland.
Biopsy of a single liver lesion revealed a CK7+, TTF1+ lung
adenocarcinoma with high PD-L1 expression (>50%). As a
result of the patient’s symptom burden and the inadequate
tissue available for next-generation sequencing (NGS), she
was started on pembrolizumab 200 mg IV every 3 weeks
for stage IV (cT1cN2Mlc) NSCLC. After two cycles of
immunotherapy, her disease was found to have progressed,
and therefore, she was switched to second-line alectinib
600 mg twice daily based on repeat molecular sequencing
that revealed an EML4-ALK rearrangement.

On day 26 of alectinib, the patient presented to the
hospital with acute dyspnea and hypoxia requiring 100%
FiO2 by face mask. A CT scan of the chest showed
new diffuse, bilateral ground-glass opacities along with
moderate, bilateral pleural effusions (Figure 2B). A basic
infectious work-up, consisting of blood and sputum cultures,
was unrevealing. The patient was offered bronchoscopy for
further diagnostic evaluation but declined. Therefore, given
clinical suspicion for grade 3 pneumonitis secondary to
alectinib, her cancer therapy was empirically discontinued,
and she was started on methylprednisolone 40 mg IV every
8 hours in addition to broad-spectrum antibiotics. Within
48 hours, the patient’s condition rapidly improved, and by
hospital day 5, she was weaned off all supplemental oxygen
and safely discharged from the hospital.

Three weeks following hospitalization, while remaining
on a slow steroid taper, a repeat CT scan of the chest
showed complete radiographic resolution of ground-
glass opacities (Figure 2C). The patient therefore began
third-line carboplatin, area under the curve (AUC) (5),
plus pemetrexed 500 mg/m’ but she developed further
tumor progression after two cycles. Following a detailed
discussion of the risks and benefits, she was switched to
fourth-line lorlatinib 75 mg daily while also remaining on
dexamethasone 1 mg twice daily for chronic back pain. An
interval PET-CT scan subsequently demonstrated a near
complete response with resolution of lesions in the right
middle lung and liver. The patient has thus far remained on
lorlatinib for >10 months without clinical or radiographic
evidence of recurrent DI-ILD (Figure 2D).

Both patients provided informed consent for the
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Figure 2 Serial CT images of the chest were collected in the second patient from the time of diagnosis through follow-up on lorlatinib.
At the time of diagnosis with NSCLC, no parenchymal abnormalities were observed aside from the primary tumor (not shown) (A). When
the patient was hospitalized with hypoxia and respiratory symptoms on day 26 of alectinib, diffuse ground-glass opacities involving the
entirety of both lung fields were now noted (B). Approximately 3 weeks after discharge from the hospital, while the patient remained on

corticosteroids and off alectinib, the previously seen parenchymal abnormalities were resolved (C). Despite later switching to lorlatinib, the

lungs remained clear without recurrent ground-glass opacities (D).

reporting of their relevant medical histories in this
manuscript. All procedures performed in studies involving
human participants were in accordance with the ethical
standards of the institutional and/or national research
committee(s) and with the Helsinki Declaration (as revised
in 2013).

Discussion

To our knowledge, the safety of lorlatinib in patients with
a history of DI-ILD has not been previously reported.
Although the incidence of DI-ILD secondary to ALK
targeted therapy is low, it carries a 50% risk of mortality
according to one prior case series (6). The occurrence of
this serious adverse event also has the potential to impact
long-term cancer control by limiting further use of highly
effective ALK inhibitors. For these reasons, it is important
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not only to understand the management of DI-ILD in the
acute setting but also to recognize what constitutes safe,
effective anti-cancer therapy following recovery from DI-
ILD.

Drug-induced ILD is characterized by progressive
respiratory symptoms and radiographic pulmonary
abnormalities following exposure to a culprit medication (7).
In the case of ALK inhibitors, in particular, DI-ILD has
been reported in small numbers of patients across multiple
prospective trials (8-11). A pooled analysis of four studies
investigating crizotinib (PROFILE 1001/1005/1007/1014),
for example, reported de novo DI-ILD in 1.2% of
patients (6). Like cases of DI-ILD occurring secondary
to other medications, common symptoms include
fever, dyspnea, and cough, often beginning within
1-2 months of drug initiation (6). Although alectinib has
now replaced crizotinib as first-line therapy in patients with
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metastatic, ALK-rearranged NSCLC, its risk of causing
DI-ILD appears to be similar. In the J-ALEX trial, for
example, DI-ILD occurred in 8% of Japanese patients in
both the alectinib and crizotinib arms (12). While drug
discontinuation secondary to DI-ILD was less common with
alectinib than crizotinib (0.7% vs. 3.3%) in the international
ALEX trial, the small number of patients developing
DI-ILD in either arm limited statistical comparison (1).
Conversely, a meta-analysis of 18 studies found that the
lower incidence of all-grade DI-ILD in patients receiving
alectinib versus crizotinib (1.62% vs. 2.68%) did not reach
statistical significance (P=0.092) (13).

As a clinical entity, DI-ILD encompasses a number of
distinct histologic patterns in the lung including diffuse
alveolar damage, organizing pneumonia, and eosinophilic
pneumonia, among others (7,14). Diffuse alveolar damage,
in particular, is defined pathologically by hyaline membrane
formation and exudative edema, and it often manifests
clinically with hypoxia and bilateral ground-glass opacities
suggestive of adult respiratory distress syndrome (ARDS)
(14,15). In the case of DI-ILD secondary to ALK inhibitors,
it has been suggested that diffuse alveolar damage correlates
with an acute and severely symptomatic form of the disease
in which patients are at risk for decompensation and death
without discontinuation of ALK targeted therapy (16).
On the other hand, a delayed form of DI-ILD occurring
several months after the start of ALK targeted therapy is
characterized by fewer symptoms and focal, less prominent
ground-glass opacities (16). Although pathologic data was
not obtained in our two patients, their clinical presentation
was similar to that of prior cases of DI-ILD that have been
associated with diffuse alveolar damage on post-mortem
evaluation (17,18).

Because of the mortality associated with DI-ILD, the
question of whether or not to restart ALK targeted therapy
in patients who have a history of DI-ILD requires careful
consideration. A limited number of previous case reports
have described the successful use of crizotinib, ceritinib,
alectinib, or brigatinib in patients with ALK-rearranged
NSCLC who have recovered from DI-ILD secondary to
ALK targeted therapy (Table 1) (19-31). In some of these
cases, however, patients resumed ALK targeted therapy
after having mild and/or delayed presentations of DI-ILD
marked by focal opacities (19,20,26,28). As discussed above,
this may represent a distinct form of DI-ILD for which
continuation of ALK inhibitor therapy is not prohibited (16).
In comparison, both patients in our series presented with
acute, severe DI-ILD, and thus, their subsequent tolerance
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of lorlatinib was notable. While it is unclear to what extent
the ongoing use of steroids played a protective role in
our patients, the doses being used at the time of starting
lorlatinib were much lower than the treatment doses
typically indicated for active DI-ILD.

Although DI-ILD is uncommon, potential risk factors
for the disease have been previously identified in patients
receiving ALK targeted therapy. These include older
age, Japanese ethnicity, positive smoking history, and
the presence of concurrent pleural effusions (6,32). A
more recently identified risk factor that may have played
a role in the development of DI-ILD in our second
patient, in particular, is the use of immune checkpoint
inhibitor therapy prior to TKI therapy. In multiple
series of patients with epidermal growth factor receptor
(EGFR)-mutated NSCLC, for example, the incidence
of pneumonitis has been found to be higher in those
patients who have received PD-1/PD-L1 inhibitors prior
to EGFR targeted therapy (33,34). A similar phenomenon
has been demonstrated in patients with ALK-rearranged
NSCLC in whom the incidence of grade 3—4 transaminitis
has been shown to be significantly higher in patients
receiving checkpoint inhibitors prior to crizotinib [45.5%
versus 8.1% for elevated alanine transaminase (ALT) and
36.4% versus 3.4% for elevated aspartate transaminase
(AST)] (35).

Together, these results suggest that the sequential use of
checkpoint inhibitors before TKI therapy may exacerbate
the risk of immune-related and/or TKI-related adverse
events such as DI-ILD. For those patients with severely
symptomatic disease at the time of diagnosis, starting
therapy immediately may be necessary prior to knowing the
results of EGFR and/or ALK molecular testing. However,
this is challenging in patients who ultimately have ALK-
rearranged NSCLC given that ALK rearrangements
have been associated with PD-L1 expression but are
not predictive of response to immunotherapy (36,37).
Therefore, given both the lack of efficacy and the increased
risk of side-effects, checkpoint inhibitors should be
deferred while awaiting molecular results in patients who,
by virtue of their age or non-smoking status, have a high
pretest probability of testing positive for a targetable driver
mutation. Furthermore, studies suggest that patients are
at greatest risk for adverse events when TKI therapy is
initiated within 3 months of discontinuing checkpoint
inhibition (34). However, pharmacodynamic studies also
suggest that immune checkpoint inhibitors may have a
continued effect on T-cells long after administration (38).
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Table 1 Prior case reports describing ALK inhibitor use after drug-induced pneumonitis

Case Report Demographics Initial ALK TKI Time to Onset of DI-ILD' Re-treatment ALK TKI
Asai et al. (19) 70yo F Crizotinib 35 days Crizotinib
Asai et al. (20) 60 yo M Crizotinib 50 days Crizotinib
Bender et al. (21) 53yoF Ceritinib 7 months Crizotinib Brigatinib
Chino et al. (22) 46 yo F Crizotinib 47 days Alectinib
Doménech et al. (23) 45yo F Crizotinib 9 days Brigatinib
Fujiuchi et al. (24) 70yo F Crizotinib 60 days Alectinib
Hwang et al. (25) 46 yo F Alectinib 28 days Alectinib
Lim et al. (26) 45yo F Ceritinib 6 months Ceritinib
Maka et al. (27) 47yo F Crizotinib 60 days Crizotinib
Nitawaki et al. (28)° 57yoM Alectinib 33 days Alectinib
64yo F Alectinib 12 months Alectinib
Nukaga et al. (29) 63 yo M Crizotinib 27 days Alectinib
Tachihara et al. (30) 70yo M Crizotinib 25 days Crizotinib
Yanagisawa et al. (31) 53yo F Crizotinib 10 days Crizotinib

"Time of onset is defined is the duration in days or months from initiation of ALK targeted therapy to presentation with DI-ILD, “Two cases
described in the same case series. ALK, anaplastic lymphoma kinase; TKI, tyrosine kinase inhibitor; DI-ILD, drug-induced interstitial lung

disease.

Therefore, it was notable that the second patient in this
series tolerated lorlatinib despite both her history of severe
DI-ILD and her recent exposure to immunotherapy just a
few months prior.

Drug-induced ILD often remains a diagnosis of
exclusion, although pathologic evaluation can provide
supporting data (7,14,15). Bronchoscopic evaluation or
biopsy was prohibited in both patients in this series, either
by patient choice or clinical instability. Nonetheless, the
acute onset of radiographic abnormalities and rapid clinical
recovery with steroids and discontinuation of alectinib
strengthened the diagnosis of DI-ILD in both cases and
encourages the reporting of larger patient cohorts in the
future to confirm the hypotheses developed here. Another
potential limitation of this case series is the lack of long-
term follow-up data for the first patient who showed
evidence of progression of NSCLC on first surveillance
imaging after starting lorlatinib. While many severe cases of
DI-ILD occur acutely, reports of long-term safety data will
be important in the future to assess the potential for delayed
adverse events secondary to lorlatinib.

In summary, we present two patients who tolerated
lorlatinib without recurrent symptoms after developing
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severe, acute DI-ILD on alectinib. Although confirmation
is warranted in additional patients, these results offer
initial safety data suggesting that lorlatinib may be a
reasonable alternative therapy to consider in patients who
have recovered from DI-ILD. Given the efficacy of ALK
inhibitors in patients with 4ALK-rearranged NSCLC,
this offers hope that patients may continue to tolerate
and benefit from ALK inhibitor therapy even after the
development of significant grade >3 DI-ILD.
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