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ung cancer is the second

most commonly diagnosed

cancer inthe United States,

with an estimated 222,500
new cases in 2017 (American Can-
cer Society [ACS], 2017). Non-small
cell lung cancer (NSCLC), the most
common type (Matsuda & Machii,
2015), has a poor prognosis, with a
5-year survival rate as low as 4% for
patients diagnosed with distant me-
tastases (ACS, 2017).

Over the past decade, discov-
eries of mutations in epidermal
growth factor receptor (EGFR) and
rearrangements in echinoderm mi-
crotubule-associated protein-like 4
(EML4) anaplastic lymphoma kinase
(ALK) genes have had a significant
impact on NSCLC treatment. Many
patients with these mutations bene-
fit from targeted therapies; however,
the management of toxicities associ-
ated with these agents can be chal-
lenging. Here we discuss the distinct
adverse effect profile of and symp-
tom management in NSCLC patients
treated with ALK inhibitors.

OVERVIEW OF

ALK INHIBITORS
Approximately 3% to 7% of NSCLC
patients harbor ALK fusions (Kwak et
al., 2010). ALK-translocated NSCLC
is found mostly in younger patients
with adenocarcinoma histology and
a history of never or light smoking
(Inamura et al., 2009; Koivunen et
al., 2008; Perner et al., 2008; Shaw et
al., 2009; Takeuchi et al., 2008; Wong
et al., 2009). Although the frequency
of this molecular subtype is low, it
is seen relatively often in the clinic,
given the high overall incidence
of NSCLC. The National Compre-
hensive Cancer Network (NCCN)
recommends that all patients diag-
nosed with nonsquamous NSCLC
or NSCLC not otherwise specified
be tested for ALK rearrangements
so patients with ALK-positive tu-
mors can receive targeted treatment
(NCCN, 2016).

There are currently four US
Food and Drug Administration—
approved ALK inhibitors for the
treatment of NSCLC: crizotinib
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(Xalkori), ceritinib (Zykadia), alectinib (Alecen-
sa), and brigatinib (Alunbrig). Crizotinib and
alectinib are approved for first-line treatment of
patients with locally advanced or metastatic ALK-
positive NSCLC (Pfizer, 2014). Although crizo-
tinib has a high response rate (> 60%; Camidge et
al., 2012; Kwak et al., 2010; Solomon et al., 2014),
patients treated with this agent eventually devel-
op resistance.

Ceritinib and brigatinib are next-generation
ALK inhibitors approved for the treatment of pa-
tients with ALK-positive NSCLC whose disease
has progressed on or who are intolerant to crizo-
tinib (Genentech USA, Inc, 2015; Novartis Phar-
maceuticals Corporation, 2014). Overall response
rates in clinical trials among patients who previ-
ously received ALK inhibitors (mostly crizotinib)
were 56% and 50% with ceritinib and alectinib,
respectively (Kim et al., 2016; Ou et al., 2016). Lor-
latinib is a third-generation ALK inhibitor that is
currently being evaluated in clinical trials.

Patients can remain on ALK inhibitor treat-
ment for long periods. In a phase III study of
ALK inhibitor-naive patients treated with crizo-
tinib, median progression-free survival (PFS) was
7.7 months (Shaw et al., 2013). In a phase I study
of patients treated with ceritinib whose disease
progressed on chemotherapy or crizotinib, me-
dian PFS was 8.9 months (Shaw et al., 2014). Fur-
thermore, median PFS among crizotinib-naive
patients who received ceritinib was 18.4 months
(Kim et al., 2016). Thus, it is critical to manage ad-
verse effects to support long-term dosing.

Managing Distinct Adverse Events

Targeted therapies for metastatic NSCLC are as-
sociated with a distinct set of adverse effects that
differ from those seen with chemotherapies. Op-
timal symptom or adverse effect management
should be patient-centered and sensitive to treat-
ment issues arising in the palliative setting and
involve both pharmacologic and nonpharmaco-
logic strategies. As such, recommendations will
vary from patient to patient. Close collaboration
among nurse practitioners, physician assistants,
oncologists, pharmacists, and nurses is key to pro-
viding optimal care that allows patients to remain
on therapy that is both tolerable and effective in
controlling cancer growth.

Our institution has been actively involved
in clinical trials of ALK inhibitors, and we have
gained extensive experience in managing patients
on these agents. We believe other clinicians may
benefit from our group’s experience in managing
supportive care within the framework of NCCN
Guidelines (NCCN, 2015a, 2015b).

CASE STUDY 1

Ms. P, a 79-year-old female who never smoked,
presented in April 2011 with EML4-ALK translo-
cation-positive metastatic adenocarcinoma of the
lung (see treatment timeline, Figure 1). She had
a right-sided pleural effusion, right lower-lobe
mass, bone disease, and an Eastern Cooperative
Oncology Group Performance Status (ECOG PS)
of 2.

She was first treated with pemetrexed (Al-
imta) monotherapy. After four cycles of treat-
ment, her symptoms improved, and reassessment
scans demonstrated stable disease. She toler-
ated therapy but elected a treatment break with
close monitoring. By December 2011, there was
imaging evidence of tumor progression, and she
reported increased cough, shortness of breath,
and right-sided tumor-associated chest pain.
She started crizotinib at 250 mg twice daily, and
within 1 week, symptoms associated with disease
progression improved (Figure 2). She also experi-
enced nausea and diarrhea, which were managed
with ondansetron.

Fatigue

A few months after starting crizotinib, Ms. P re-
ported fatigue, which was attributed to multiple
factors (cancer, insomnia, depression, and crizo-
tinib). She was treated with low-dose trazodone
and an antidepressant, as some of her insomnia
was related to depression and anxiety. She report-
ed an improvement in sleep and reduced fatigue
and was referred to physical therapy for general
strengthening. Despite having residual fatigue,
she was able to continue activities with her family
and enjoyed some travel.

After Ms. P reported gait instability, a brain
magnetic resonance imaging (MRI) scan showed
small intracerebral lesions that did not appear to
be responsible for her symptoms. She declined ra-
diosurgery and continued with surveillance. Her
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* Fatigue (grade 2) was
problematic; likely related to
cancer, depression, insomnia,
and crizotinib

Benefited from temazepam
(15-30 mg prn),
antidepressant, and PT for
general strengthening

* Four cycles of
pemetrexed led
to symptom
improvement and
stable disease o

* Elected treatment
break with close
monitoring

AST/ALT elevations (grade 2 and
3) resulted in > 6 instances of drug
hold (until return to grade 1) over
2 years of ceritinib treatment
Remained on 750 mg dose for

2 years with LFT monitoring

Dose reduced to 450 mg in
10/2014 after prolonged grade 3
transaminitis

Developed

dyspnea/
respiratory
distress with
pneumonia
and entered
hospice care

Crizotinib
12/201

Pemetrexed

5-7/201 7/2012

Ceritinib 750 mg

* Radiographic .
progression with cough,
dyspnea, and right-sided
chest pain

radiographic progression

* Initiated crizotinib
250 mg bid

improved
* Nausea and diarrhea P

Fatigue worsened along with new dyspnea,
cough, right-sided chest pain, and

¢ |nitiated ceritinib at 750 mg on clinical trial

* Reassessment scans after 6 weeks showed
reduction in tumor burden and symptoms

Ceritinib
1-2/2015 5/2015
5-6/2014
* Whole-brain Patient
radiation deceased
performed

¢ Ceritinib restarted
after 1-month hold

managed with

ondansetron (4-8 mg

* Reduced appetite continued
ash) pp

declined

effect on nausea

* Megestrol acetate and medical marijuana

* Ondansetron dose increased 8 mg with good

.

Figure 1. Treatment timeline for the patient in Case Study 1: 79-year-old woman, never smoker.
prn = as needed; PT = physical therapy; AST = aspartate transaminase; ALT = alanine transaminase;

LFT = liver function test; bid = twice daily.

gait problems and central nervous system lesions
did not progress. Over time, her fatigue worsened;
she developed new shortness of breath and right-
sided chest pain and cough, and imaging showed
disease progression after 6 months of treatment
with crizotinib (at 250 mg twice daily). She then
enrolled in a clinical trial and was treated with
ceritinib at 750 mg daily.

Anorexia

After 4 to 5 weeks of starting ceritinib at 750 mg
daily, Ms. P reported reduced appetite, which was
attributed to ceritinib. Reassessment scans per-
formed after 6 weeks of treatment demonstrated
reduced tumor burden in her chest and brain. Dis-
ease-associated chest pain, cough, and dyspnea
improved; however, her reduced appetite contin-
ued, and she was referred to a nutritionist. Meges-
trol acetate and medical marijuana were dis-
cussed as treatment options, but Ms. P declined,
and her weight remained within 5% of baseline.

Nausea was contributing to her reduced appetite,
and the dose of ondansetron was increased, with
good effect.

End of Life

Ms. P continued ceritinib for 2 years, with several
drug interruptions associated with transaminitis.
She elected to hold ceritinib and undergo whole-
brain radiation after progression of metastatic
disease in the brain in May 2014. She restarted
ceritinib at 750 mg daily after 1 month. She sub-
sequently experienced transaminitis at levels war-
ranting dose reduction to 600 mg daily and then
450 mg daily. She had increased fatigue after brain
radiation and had gait disturbances, although her
disease was stable. In January 2015, she developed
dyspnea and respiratory distress from pneumonia.
She required hospitalization and was discharged
with hospice care because of declining perfor-
mance status in February. She died at home in
May 2015.
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7/3/2012

8/24/2012

Figure 2. CT scans of the patient in Case Study
1 before targeted therapy (left) and showing-
response within 1 week of starting ceritinib (right).

CASE STUDY 2

Ms. W, a 45-year-old woman who never smoked,
presented in December 2012 with ALK transloca-
tion-positive adenocarcinoma of the lung (Figure
3). She had a left lower-lobe mass, pleural effusion,
bone lesions at T12 and L3, and multiple brain me-
tastases (> 50), with an ECOG PS of 2. She com-
pleted whole-brain and palliative radiation from
T12 to L3 in January 2013.

Diarrhea

Ms. W started a clinical trial with ceritinib at 750
mg daily in January 2013. After one dose, she de-
veloped watery diarrhea and a prolonged QTc
interval. Ceritinib was reduced to 600 mg daily.
During the first month of treatment, she required
bowel rest, intravenous hydration, and antiemet-
ics. She tried loperamide, without success, but
found diphenoxylate/atropine dosed 30 minutes
before treatment to be helpful.

Nausea

Ms. W also reported severe nausea 1 to 2 hours af-
ter taking ceritinib. She met with a nutritionist about
her weight loss and was instructed to eat small meals
and educated about a constipating diet. For nausea,
prochlorperazine and lorazepam were added as pre-
medication 30 minutes prior to ceritinib. One month
into therapy, Ms. W reported esophageal burning
with nausea and was prescribed sucralfate, which
was then switched to ondansetron. Fearing constipa-
tion, she stopped using diphenoxylate/atropine and
had diarrhea as a result. Upon restarting diphenox-
ylate/atropine, her diarrhea was better controlled.

Symptom Management Over 3 Years

After 2 months of treatment, there was significant
tumor reduction in Ms. W’s lungs and brain. She
continued to manage her symptoms for 3 months
by taking oral ondansetron and diphenoxylate/
atropine 30 minutes before ceritinib and pro-
chlorperazine 30 minutes after ceritinib. She was
reticent to take ondansetron and diphenoxylate/
atropine later in the day and was continually en-
couraged to use them as needed. Her electrolytes
remained stable despite ongoing diarrhea and
occasional nausea. She took ondansetron and di-
phenoxylate/atropine up to three times daily and
dosed prochlorperazine for refractory nausea,
with satisfactory control. Her disease remained
stable, with an ECOG PS of 1. Despite receiving
best supportive care, the patient desired a dose
reduction to help mitigate the gastrointestinal
adverse effects. Her dose was reduced to 450 mg,
with partial improvement of her symptoms.

In October 2013, Ms. W was referred to a gas-
trointestinal specialist for dysphagia and reflux
because of concerns that strictures from radiation
were contributing to her symptoms. She under-
went esophagogastroduodenoscopy, which was
normal, and omeprazole was increased.

In December 2014, Ms. W required a dose
reduction to ceritinib at 300 mg daily because of
transaminitis. Her gastrointestinal symptoms re-
mained stable and reasonably managed on ceri-
tinib at this dosage.

Myalgia and Edema

In August 2016, Ms. W was found to have disease
progression in the brain, although her disease was
controlled systemically. She opted to start alectinib
at 600 mg twice daily; within 1 week, she devel-
oped moderate lower-leg edema and severe diffuse
myalgia and joint pain. She was treated symptom-
atically with nonsteroidal anti-inflammatory drugs
(NSAIDs); however, this approach was not effec-
tive. Blood work showed that her creatinine kinase
(CK) levels were elevated. Her symptoms and CK
levels improved after holding alectinib treatment
for a week; she then restarted alectinib at a reduced
dose of 450 mg twice daily. As of the writing of this
manuscript, Ms. W was still being treated and do-
ing well at the reduced dose, with some peripheral
edema but no significant myalgia or joint pain.
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* Reported severe nausea/

added as premedication to
ALK inhibitor

* Esophageal burning with
emesis treated with carafate
and antiemetic switched
to ondansetron

compazine

* Success with oral .

emesis 1-2 hours after ondansetron (4-8 mg in the brain
taking ceritinib g8h) and diphenoxylate/ « Started alectinib at
« Compazine and lorazepam atropine 30 minutes 600 mg bid

before ceritinib and

30 minutes after

¢ Disease remained stable o
with ECOG PS of 1 * Normal EGD; || * Alectinib held for

Ceritinib dose reduced to
450 mg qd

Disease progressed

* Referred to
Gl specialist °
for dysphagia
and reflux

Reported moderate
lower-leg edema
and severe myalgia

1 week, restarted
at 450 mg bid

omeprazole
increased

Ceritinib 750 mg
1/2013

12/2012

3-7/2013

10/2013 2/2014 8/2016 Present

Whole-brain  Diarrhea (grade 3) and QTc Substantial * Gl symptoms remain
and spinal-cord prolongation after 1 dose reduction in stable
radiation « Ceritinib restarted at 600 mg qd | | tumor size in lung + Started dosing
erformed . and brain itinib at night with
P * Bowel rest, IV hydration, and certtinio at night wi

antiemetics required during
1st month of medication

¢ Success with diphenoxylate/
atropine (but not loperamide)
with dosing 30 minutes prior to
medication

-

improved QOL

« Ceritinib dose reduced
to 300 mg qd

Figure 3. Treatment timeline for the patient in Case Study 2: 45-year-old woman, never smoker presenting
with multiple metastatic sites. gd = once daily; IV = intravenous; ECOG PS = Eastern Cooperative Oncology
Group performance status; Gl = gastrointestinal; EGD = esophagogastroduodenoscopy; QOL = quality of life.

DISCUSSION

Fatigue

Patients on targeted agents commonly report fa-
tigue, which is assessed using a visual analog scale
and graded so interventions can be evaluated.
When blood work or imaging does not reveal a
reversible cause, such as hypothyroidism, anemia,
or progressive disease, we screen the patient for
insomnia, sleep apnea, and depression and look
closely for issues related to polypharmacy. As in
the case of Ms. P (Case Study 1), adequate treat-
ment of depression and insomnia may often help
with fatigue. For persistent fatigue that is refrac-
tory to these measures, we may try stimulants as
recommended by the NCCN (NCCN, 2015b). We
do not routinely prescribe modafinil or steroids
for this purpose.

Referrals to physical therapy can be helpful
if the patient has specific deficits or needs guid-
ance in increasing activity. We encourage regular
daily activities and exercise as able, particularly
those that patients enjoy. However, even with
these interventions, some fatigue may persist. It
is important to discuss this with patients to man-
age their expectations.

Anorexia

Reduced appetite and weight loss are common
symptoms reported by patients with cancer, in-
cluding those treated with targeted agents. Po-
tential contributors to reduced appetite include
pain, nausea, constipation, depression, and mu-
cositis or taste changes. Referral to a nutritionist
may be offered.

We first recommend scheduling routine, small,
calorie-dense meals to ensure adequate intake and
experimenting with different textures and tastes.
We generally reserve starting megestrol acetate,
olanzapine (Zyprexa), or mirtazapine until the pa-
tient has demonstrated weight loss, and we discuss
risks and benefits. Medical marijuana is available
in the state of Washington and has been helpful
for many patients, although the evidence remains
mixed on its overall efficacy (Davis, 2016). Patients
should be monitored for QTc prolongation with the
combination of olanzapine and megestrol acetate.

Diarrhea

For diarrhea, we start with loperamide and then
diphenoxylate/atropine. We ask patients to moni-
tor the timing of diarrhea and time medications
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accordingly. Tincture of opium can be used for
refractory cases. Some patients require two an-
tidiarrheal medications prior to dosing ALK in-
hibitors, with additional medication a few hours
later. Patients are counseled that constipation can
occur with chronic antidiarrheal medication. We
monitor electrolytes often and replace fluids as
necessary for patients reporting more than three
episodes of diarrhea daily. Patients with persistent
diarrhea despite optimal management require
dose reduction.

Nausea and Vomiting

ALK inhibitors have moderate to high emeto-
genic potential; patients should have antiemetic
medications for home use (NCCN, 2015a). First,
we evaluate the medical causes of emesis, such as
electrolyte abnormalities, medical comorbidities,
other medications, and metastatic brain disease.
We generally find benefit from ondansetron, as it
can help with both nausea and diarrhea. Prochlor-
perazine or lorazepam may also help patients
with refractory symptoms. We reserve starting
metoclopramide, as the promotility effect of this
medication theoretically may exacerbate diarrhea.
Olanzapine is now recommended by the NCCN
and has been shown to be effective for patients re-
ceiving highly emetogenic chemotherapy (Navari
etal., 2016).

Ondansetron, prochlorperazine, and olan-
zapine can cause prolonged QTc interval. Both
crizotinib and ceritinib are associated with QTc
prolongation. Concomitant use of supportive
medications associated with QTc prolongation
risk should be monitored carefully. We recom-
mend a baseline electrocardiogram, which should
be repeated at the medication’s steady state. Rou-
tine monitoring should also include electrolytes
and frequent review of medication lists.

Dosing antiemetic medications 30 to 40 min-
utes before cancer treatment may benefit patients
who have nausea after taking ALK inhibitors
(Schaefer & Baik, 2016). Ms. W (Case Study 2) ben-
efited from close monitoring and encouragement
to take medications and manage reflux symptoms.
Some ALK inhibitors are approved to be taken
with or without food, and, if appropriate, taking
them with food may help manage nausea. We may
alter the timing of the drug dosing depending on

patient comfort. For example, Ms. W found that
taking the medication at night was helpful, as it
allowed her to better predict and control adverse
effects during this time.

We also refer patients to nutritional services
for suggestions for a constipating diet and strat-
egies to avoid weight loss. As was the case with
Ms. W, some patients report improved quality of
life with dosing ALK inhibitors in the evening. Pa-
tients with refractory symptoms may benefit from
consultation with a gastroenterologist. We also
suggest screening patients for psychosocial fac-
tors that may contribute to nausea and vomiting.

Myalgia

Myalgia is a common side effect of alectinib,
with variable degrees of severity. In patients
with mild myalgia, supportive therapy with an-
algesics (NSAIDs, acetaminophen) may be used.
Patients should also undergo lab evaluation to
monitor electrolytes and CK levels. Treatment
hold and dose reduction should be considered in
patients with severe pain unresponsive to anal-
gesics or CK levels five times the upper limit of
normal or higher.

CONCLUSIONS

Experience administering ALK inhibitors within
our institution may provide valuable guidance for
oncology nurses and advanced practice providers
who may see these patients infrequently. ALK in-
hibitors are associated with adverse effects that
are distinct from those seen with cytotoxic che-
motherapy. Central to managing patients on ALK
inhibitors is assessing patient quality of life, given
the goals of care in the palliative setting. The Case
Study patients have varying presentations and pa-
tient characteristics that highlight management
strategies for adverse effects with ALK inhibitors.
By utilizing strategies concordant with those in
the NCCN Guidelines for supportive care, both
patients remained on ALK inhibitors for more
than 2 years.
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