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Abstract

Programmed cell death protein 1 receptor and programmed cell death
ligand 1 (PD-L1) inhibitors are immune checkpoint inhibitors (ICls) that
provide a survival benefit for select patients with advanced non-small
cell lung cancer (NSCLC). Nivolumab, pembrolizumab, and atezoli-
zumab are second-line therapies for advanced NSCLC after chemo-
therapy failure. Pembrolizumab and atezolizumab are also approved
as first-line treatment for advanced NSCLC, and durvalumab is a PD-L1
inhibitor indicated as consolidation therapy in individuals with locally
advanced NSCLC. The novel mechanism of action of these agents pro-
vides clear efficacy benefits to many NSCLC patients without good
alternatives, but it may also result in unigue immune-related adverse
events that many health-care providers are unfamiliar with or uncer-
tain about how to diagnosis and manage. Highlighting the resources of
the Immuno-Oncology Essentials Initiative, particularly the Care Step
Pathways (CSPs), this article addresses the role of the advanced prac-
tice provider in administration, side-effect identification and manage-
ment, and education of patients with advanced NSCLC receiving IClI
therapy. The diagnosis and management of pneumonitis, hypophysitis,
diabetes mellitus, and arthralgias/myalgias are examined in detail, ad-
dressing special considerations in the NSCLC population.

he introduction of im- an array of immune-related adverse
mune checkpoint in- events (irAEs) that are challenging to
hibitor (ICI) therapy in manage and quite different from the
non-small cell lung can- side effects of the chemotherapeutic

cer (NSCLC) has been heralded as and targeted agents used in NSCLC.
a major advance in the field. How- This article was developed to guide
ever, ICI therapy is associated with advanced practice providers (APPs)
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in using Immuno-Oncology (I0) Essentials ma-
terials to support optimal ICI administration and
toxicity management as well as education of pa-
tients with NSCLC receiving ICI therapy.

In 2017, the Melanoma Nursing Initiative
(MNTI) developed a series of APP/nurse—focused
educational materials to improve the recognition
and management of irAEs in the setting of melano-
ma (Rubin, 2017). Those materials were quickly ad-
opted by health-care providers (HCPs) working in
other tumor types. To address the contextualization
of the MINI materials for use in various tumor types,
the AIM With Immunotherapy Immuno-Oncology
Essentials (IO Essentials) initiative was commis-
sioned. The website for the IO Essentials initia-
tive, aimwithimmunotherapy.org, was launched in
October 2018. This article features a review of the
use of the IO Essentials materials in NSCLC. Com-
panion articles across tumor types are also included
in this supplement, including a pan-tumor article
(Wood, 2019) and an article on ICI use in head and
neck squamous cell cancer (Fazer, 2019). Finally,
this supplement also features a global article on the
principles for triaging irAEs via telephone and in
the office setting (Hoffner & Rubin, 2019).

RATIONALE FOR ICI USE IN

LUNG CANCER

Lung cancer is the second leading cause of death
in the United States and worldwide (after cardio-
vascular disease) and the leading cause of cancer-
related death (Cronin et al.,, 2018; Fitzmaurice et
al., 2017; Siegel, Miller, & Jemal, 2018). Each year,
more people in the United States die from lung
cancer than colorectal, prostate, and breast cancer
combined, and approximately 80% to 95% of all
lung cancers are NSCLC (American Cancer Soci-
ety, 2016; Zago, Muller, van den Heuvel, & Baas,
2016). Non-small cell lung cancer is usually diag-
nosed at an advanced, unresectable stage of dis-
ease, and until recently, outcomes were invariably
poor with relatively limited treatment options
(Brahmer et al., 2018a; Zago et al., 2016).

Targeted therapies are now available to treat
the roughly one third of advanced NSCLC patients
harboring an identifiable tumor-driving mutation,
but the long-term effectiveness of these therapies
is limited by the development of resistance (Bui,
Cooper, Kao, & Boyer, 2018; Pakkala & Ramalin-

gam, 2018; Recondo, Facchinetti, Olaussen, Besse,
& Friboulet, 2018). There was a clear unmet need
for other effective therapeutic options.

Immune checkpoints, which may have
evolved to prevent autoimmune responses, can be
exploited by cancer cells to suppress the immune
response to malignant cells (Marshall & Djamgoz,
2018). Immune checkpoints are proteins involved
in both self-recognition and dampening immune
responses under circumstances when those re-
sponses may become harmful (Brahmer et al.,
2018b; Postow, Sidlow, & Hellmann, 2018). Thera-
pies designed to inhibit these checkpoints (ICIs)
improve tumor-specific immune responses and
increase T-cell infiltration into tumors. In NSCLC,
ICIs directed to programmed cell death protein 1
(PD-1) and the PD-1 ligand (PD-L1) have been ap-
proved. PD-1 and PD-L1 inhibitors reduce NSCLC
growth and improve patient survival by prevent-
ing binding of PD-L1 ligands with PD-1 receptors
expressed on tumor cells and/or tumor-infiltrat-
ing cells (McGettigan & Rubin, 2017; Postow et al.,
2018; Villanueva & Bazhenova, 2018).

Mechanistic Underpinnings and Range of
Immune-Related Adverse Events

The novel mechanism of action of PD-1 and PD-
L1 inhibitors involves the enhancement of im-
mune surveillance, which also exposes patients to
unique irAEs (Brahmer et al., 2018a). By enhanc-
ing the patient’s immune system to better battle
NSCLC, ICIs also increase the risk of inflamma-
tory side effects (i.e., irAEs; Postow et al., 2018).
When immune checkpoint proteins are inhibited,
there is a risk the immune system will be released
to attack some healthy as well as tumor cells (that
is, produce autoimmune reactions or irAEs; Brah-
mer et al., 2018b; Puzanov et al., 2017).

Immune Checkpoint Inhibitor Use in NSCLC
Immune checkpoint inhibitors have emerged over
the past 5 years to significantly alter the treatment
landscape for many patients with NSCLCs who
are not suited for targeted therapy or who develop
resistance to such therapies. These ICIs include
two PD-1 inhibitors (nivolumab and pembroli-
zumab) and two PD-L1 inhibitors (atezolizumab
and durvalumab; Brahmer et al., 2018a, 2018b; Vil-
lanueva & Bazhenova, 2018).
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Table 1 provides a summary of the four PD-1
and PD-L1 inhibitors currently approved for
NSCLC treatment, including their indications,
how they are used, testing required, and the US
Food and Drug Administration (FDA) approval
date (Khan et al., 2018; Paz-Ares et al., 2018; Raju,
Joseph, & Sehgal, 2018; Villanueva & Bazhenova,
2018). A recent meta-analysis of seven randomized
controlled studies of anti-PD-1/PD-L1 inhibitors
(nivolumab, pembrolizumab, atezolizumab) vs.
chemotherapy reported significantly better over-
all survival, progression-free survival, and overall
response rate with anti-PD-1/PD-L1 therapy, to-

gether with significantly improved safety (Khan et
al., 2018).

PD-L1 Testing

As noted in Tables 1 and 2, single-agent pembro-
lizumab use in either the first-line or second-
line setting requires the documentation of PD-
L1 expression, with a higher expression (tumor
proportion score > 50%) required for the initiation
of first-line, single-agent therapy (Wills, Brahmer,
& Naidoo, 2018). That is not the case for the other
ICIs approved for advanced NSCLC, or for pem-
brolizumab when used in the first-line setting. In-

GDA = US Food and Drug Administration; PD-L1 = programmed cell death ligand 1; TPS = tumor proportion score.

>
Table 1. Indications and US Food and Drug Administration Approvals for Checkpoint Inhibitors in
Non-Small Cell Lung Cancer
Single
agent or First line or FDA

Drug Indication(s) combination second line approval

Nivolumab Patients with metastatic NSCLC with progression on Single agent Second line October
or after platinum-based chemotherapy. Patients with 2015
EGFR or ALK genomic tumor aberrations should have
disease progression on FDA-approved therapy for
these aberrations before receiving nivolumab.

Pembrolizumab Patients with metastatic NSCLC whose tumors express  Single agent Second line October
PD-L1 (TPS > 1%) with disease progression on or after 2015
platinum-containing chemotherapy. Patients with EGFR
or ALK genomic tumor aberrations should have disease
progression on FDA-approved therapy for these
aberrations before receiving pembrolizumab.

First-line treatment of patients with metastatic NSCLC, Single agent First line October
with PD-L1 expression (TPS > 50%) as determined by 2016
FDA-approved test, with no EGFR or ALK genomic

tumor aberrations

Patients with previously untreated metastatic Combination First line May
nonsgquamous NSCLC, with pemetrexed and carboplatin 2017
Patients with squamous metastatic NSCLC in Single agent First line October
combination with carboplatin and either paclitaxel or 2018
nab-paclitaxel

Atezolizumab Patients with metastatic NSCLC whose disease Single agent Second line October
progressed during or following platinum-containing 2016
chemotherapy. Patients with EGFR or ALK genomic
tumor aberrations should have disease progression on
FDA-approved therapy for these aberrations before
receiving atezolizumab.

Patients with metastatic nonsquamous NSCLC, Combination First line December
combined with bevacizumab, paclitaxel, and 2018
carboplatin with no EGFR or ALK genomic

tumor aberrations

Durvalumab Patients with unresectable, stage Il NSCLC whose Single agent Consolidation February
disease has not progressed following concurrent 2018
platinum-based chemotherapy and radiation therapy

Note. NSCLC = non-small cell lung cancer; EGFR = epidermal growth factor receptor; ALK = anaplastic lymphoma kinase;

/
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Table 2. PD-L1 Testing Requirements for Checkpoint Inhibitors Used to Treat Advanced NSCLC

Checkpoint inhibitor Line of therapy

Pembrolizumab First line Single agent
Second line Single agent
First line Combination
Nivolumab Second line Single agent
Atezolizumab First line Combination
Second line Single agent

Durvalumab Consolidation

Single/Combination therapy

Single agent following
concurrent chemo-RT regimen

Testing requirement

PD-L1 > 50% tumor proportion score
PD-L1 > 1% tumor proportion score
None required

None required

None required
None required

None required

QVote. PD-L1 = programmed cell death ligand 1; RT = radiotherapy. Information from FDA (2018). Y,

formation on FDA-approved tests for the detection
of PD-L1 expression in NSCLC is available from the
FDA (Merck & Co., Inc., 2018; US Food and Drug
Administration, 2018).

Identifying patients most likely to benefit from
ICI therapy is important. At this time, PD-L1 test-
ingis the best predictor of clinical response, partic-
ularly for pembrolizumab, where it is required for
use as single-agent therapy. PD-L1 testing is some-
times also used with other checkpoint inhibitors
as an FDA-approved nonessential complementary
test, although that is not required for treatment
(Chung, 2018; Kazandjian et al., 2016). The Soci-
ety for Immunotherapy of Cancer (SITC) consen-
sus statement on immunotherapy for NSCLC indi-
cates that the analysis of PD-L1 expression should
be routine for all patients with newly diagnosed
advanced NSCLC (Brahmer et al., 2018a).

DOSING AND OTHER

PHARMACOLOGIC CONSIDERATIONS
Table 3 highlights the different dosing regimens
recommended for nivolumab, pembrolizumab,
atezolizumab, or durvalumab as treatment for
NSCLC (Bristol-Myers Squibb, 2018; Genentech,

Inc., 2018; Merck & Co., Inc., 2018). Unlike the
other three therapies, durvalumab is approved as
consolidation therapy for patients with unresect-
able stage III NSCLC following chemoradiation
therapy (Antonia et al., 2017; AstraZeneca Phar-
maceuticals LP, 2018). It is important that APPs
be aware of the sometimes subtle differences in
administration and dosing among ICIs used in
advanced NSCLC treatment. Nivolumab, pembro-
lizumab, and atezolizumab are all flat dose (i.e.,
without regard to body weight), intravenous (IV)
infusions. Nivolumab and pembrolizumab are ad-
ministered over 30 minutes. Atezolizumab is in-
fused over 60 minutes as initial treatment and if
tolerated well, infused over 30 minutes for subse-
quent infusions. Pembrolizumab at 200 mg is in-
fused every 3 weeks and atezolizumab at 1,200 mg
every 3 weeks. Nivolumab may be administered IV
as either 240 mg every 2 weeks or 480 mg every 4
weeks. (Only the 240 mg every 2 weeks regimen of
nivolumab is used for small cell lung cancer treat-
ment.) When pembrolizumab or atezolizumab is
given in combination with chemotherapy, each is
administered prior to chemotherapy and adminis-
tered on the same day. Durvalumab is dosed using

>
Table 3. Dosage and Administration of Nivolumab, Pembrolizumab, and Atezolizumab in Advanced
Non-Small Cell Lung Cancer
Checkpoint inhibitor Dose Infusion rate Frequency
Nivolumab 240 mg 30 minutes Every 2 weeks
480 mg 30 minutes Every 4 weeks
Pembrolizumab? 200 mg 30 minutes Every week (weekly)
Atezolizumab 1,200 mg 60 minutes (first infusion) Every 3 weeks
30 minutes (subsequent infusions)
Durvalumab 10 mg/kg 60 minutes Every 2 weeks
kNote. aWhen used with chemotherapy on the same day, administer prior to chemotherapy. )
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a weight-based dosing schema via a 1-hour IV in-
fusion every 2 weeks. It should be noted that dos-
ing schedules may vary in other tumor types.

No definitive standard has been established for
the duration of ICI therapy in NSCLC (or in other
cancers; McGettigan & Rubin, 2017). The prescrib-
ing information for pembrolizumab and atezoli-
zumab both recommend continued treatment until
disease progression or unacceptable toxicity (Ge-
nentech, Inc., 2018; Merck & Co., Inc., 2018). In
NSCLC patients receiving first-line pembrolizum-
ab in combination with chemotherapy, standard
practice is to continue pembrolizumab (assuming it
is well tolerated) for up to 2 years following the ter-
mination of chemotherapy. However, institutions
and physicians vary in their practices when us-
ing ICIs either as first-line or second-line therapy
(McGettigan & Rubin, 2017). The durvalumab label
recommends the drug be continued until disease
progression or unacceptable toxicity for up to 12
months (AstraZeneca Pharmaceuticals LP, 2018).

No premedications are needed when ICIs are
used by themselves. Antiemetics are recommended
when pembrolizumab is used in combination with
chemotherapy. Currently, no definitive evidence
indicates whether the concurrent use of cortico-
steroids for the premedication of ICIs plus chemo-
therapy negatively impacts the efficacy of ICIs in
NSCLC or other cancers. Advanced practice pro-
viders should consult with institutional guidelines
when managing NSCLC patients on ICI therapy.

Severe or life-threatening infusion-related
anaphylactic reactions have been reported with

each of the ICIs, albeit rarely (< 1%; AstraZeneca
Pharmaceuticals LP, 2018; Bristol-Myers Squibb,
2018; Genentech, Inc., 2018; Merck & Co., Inc.,
2018). Patients should be monitored for signs or
symptoms of infusion-related reactions, including
rigors, chills, wheezing, pruritus, flushing, rash,
hypotension, hypoxia, and fever. Grade 3/4 reac-
tions should be managed by infusion termination
and treatment discontinuation. Milder reactions
may be managed by interrupting or slowing the
infusion rate, with consideration of premedication
for subsequent doses.

IMMUNE-RELATED ADVERSE EVENTS
AND THEIR MANAGEMENT

A wide range of irAEs are associated with ICI
therapy. Virtually any organ system may be af-
fected, but those most commonly impacted are
the skin, gastrointestinal tract, liver, pituitary and
endocrine organs, musculoskeletal organs, and
the lungs. Other important but less commonly in-
volved structures or systems include the kidneys,
eyes, and nervous and cardiovascular systems. Our
group focused on developing 12 Care Step Path-
ways (CSPs) for notable irAEs, as described below.

Care Step Pathways Overview

and Development

The CSPs, which debuted in the MNI materials,
were designed to assist HCPs in identifying, grad-
ing, and managing irAEs in patients receiving ICIs.
This article will reference all 12 CSPs featured on
the I0 Essentials site (see Table 4 for an overview of

>
Table 4. Care Step Pathways From the 10 Essentials Initiative (See Appendix)
irAE category Toxicity Appendix location
Most common Skin toxicities (pruritus, rash, etc.) Appendix A
Gastrointestinal toxicities: diarrhea and colitis Appendix B
Thyroiditis Appendix C
Hepatic toxicities Appendix D
Less common but serious Additional endocrinopathies .
Hypophysitis (pituitary) Append!x E
Adrenal insufficiency (adrenalitis) Appendix F
Diabetes Appendix G
Pneumonitis Appendix H
Easily overlooked Arthralgia/arthritis Appendix |
Mucositis/xerostomia Appendix J
Neuropathy Appendix K
Nephritis Appendix L
KNote. irAE = immune-related adverse event. Y,
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the Appendix). The 11 CSPs developed by the MNI
have been updated here, and a 12th CSP has been
added on adrenal insufficiency. In updating these
CSPs, the 10 Essentials faculty reviewed them with
an eye toward relevancy across tumor types. In ad-
dition, the CSPs were modified to reflect recently
released guidance on irAE management from the
Society for Immunotherapy of Cancer (Puzanov et
al., 2017), American Society of Clinical Oncology
(Brahmer et al., 2018b), and the National Compre-
hensive Cancer Network (NCCN, 2018).

Overall Approach to Immune-Related
Adverse Event Management

Most irAEs are mild to moderate in severity and
can be managed without the permanent termina-
tion of PD-1/PD-L1 inhibitor therapy. However,
rare but serious and even life-threatening irAEs
may occur during ICI therapy and require imme-
diate attention to prevent catastrophic outcomes
(Brahmer et al., 2018b; Puzanov et al., 2017). Cou-
pled with a variable onset—irAEs may present
soon after starting therapy, after extended thera-
py, or, in some cases, after completion of therapy
(Puzanov et al., 2017; Thompson, 2018)—a premi-
um is placed on a heightened suspicion of irAEs to
enable early recognition and treatment (Brahmer
et al., 2018b; Puzanov et al., 2017).

IN-DEPTH REVIEW OF SELECT
IMMUNE-RELATED ADVERSE
EVENTS/CARE STEP PATHWAYS

The remainder of this article takes a closer look
at the management of pneumonitis, hypophysitis,
diabetes mellitus, and arthralgias/myalgias, with a
particular focus on NSCLC patients treated with
PD-1/PD-L1 inhibitors. All 12 CSPs are discussed
in depth across three articles in this supplement.
It should be noted that the current CSPs were cre-
ated at a time when there was little or no informa-
tion on some of the newer ICIs. Hence, the CSPs
here do not discuss all the different ICIs currently
approved for NSCLC, although they are generally
applicable to newer approved ICIs like atezoli-
zumab and durvalumab.

Pneumonitis (Appendix H)
Pneumonitis is a relatively rare irAE, occurring in
approximately 3% to 5% of all patients receiving

ICI therapy in clinical trials (Hu et al., 2017; Suresh
et al.,, 2018). However, a higher incidence of 19%
has recently been reported in a study that included
both trial and nontrial advanced NSCLC patients
treated with PD-1/PD-L1 inhibitors (Suresh et al.,
2018). The incidence is higher in patients with
lung cancer vs. other cancer types because of al-
tered pulmonary integrity (Nishino, Giobbie-Hur-
der, Hatabu, Ramaiya, & Hodi, 2016), in current
or former smokers, and in men compared with
women (Naidoo et al., 2017). Prior chest radiation
may also elevate the risk. The onset ranges from
9 days to 20 months after treatment start, with a
median onset of 2.8 months (Naidoo et al., 2017).
The incidence is higher with combination immu-
notherapy vs. monotherapy (Naidoo et al., 2017;
Nishino et al., 2016).

The clinical presentation of pneumonitis
includes dyspnea, dry cough, wheezing, tachy-
cardia, and increased oxygen requirements for
patients already on oxygen supplementation
(Brahmer et al., 2018b; Puzanov et al., 2017). Oc-
casionally, chest pain or discomfort and symp-
toms indicative of hypoxia may rapidly progress
to respiratory failure (Brahmer et al., 2018b).
However, approximately a third of patients are
asymptomatic and only diagnosed when routine
restaging imaging shows ground glass opacities
or patchy nodular infiltrates, predominantly in
the lower lobes (Brahmer et al., 2018b; Puzanov et
al., 2017). The pneumonitis CSP illustrates how to
conduct the patient assessment to determine the
presence, nature, and quality of pneumonitis in a
patient receiving PD-1/PD-L1 inhibitor therapy.
The CSP provides examples of how to look (e.g.,
Does the patient appear uncomfortable? Does the
patient appear short of breath?), listen (Has the
patient noted any change in breathing? Have the
symptoms worsened?), and what to recognize (Is
the pulse oximetry low/lower than baseline or
last visit? History of lung radiation?).

An evaluation of pneumonitis is a multistep
process. Differential diagnosis involves ruling out
other potential causes of the symptoms, including
infection, pulmonary embolism, pleural effusion,
pulmonary fibrosis, sarcoidosis, or even disease
progression (Brahmer et al., 2018b; Puzanov et
al., 2017). Baseline measures of oxygen saturation
should be obtained at rest and then again after
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some ambulation (i.e., stress oxygen level) in all
patients before beginning treatment and repeated
at regular intervals after treatment to evaluate
whether there is a change. Often, the first sign of
pneumonitis is altered oxygen saturation.

The NCCN recommends a computed to-
mography (CT) scan with contrast to diagnose
pneumonitis. However, a CT scan without con-
trast might better reveal other causes. Therefore,
dual modal imaging with and without contrast is
most useful. Radiologic and pathologic features

of pneumonitis are diverse (Figure 1; Naidoo et
al.,, 2017). Pneumonitis presentations on a CT
scan include cryptogenic organizing pneumo-
nia, ground glass opacities, interstitial infiltrate
consolidation, hypersensitivity patterns, and (in
some cases) septal inflammation or a mixture of
nodular and other subtypes. If infection is sus-
pected, an infection workup should be conducted,
including sputum specimen and nasal swab for
potential viral pathogens. In some cases, CT scan
images may not be definitive, and a bronchoscopy

e ™
Radiologic subtypes Representative image Description
Cryptogenic organizing e Discrete patchy or confluent
pneumonia-like consolidation with or without air
(n=5,19%) bronchograms
e Predominantly peripheral or subpleural
distribution
Ground glass opacities e Discrete focal areas of increased
(n =10, 37%) attenuation
e Preserved bronchovascular markings
Interstitial e Increased interstitial markings,
(n =6, 22%) interlobular septal thickening
e Peribronchovascular infiltration,
subpleural reticulation
e Honeycomb pattern in severe patient
cases
Hypersensitivity e Centrilobular nodules
n=2,7%) e Bronchiolitis-like appearance
e Tree-in-bud micronodularity
Pneumonitis not otherwise e Mixture of nodular and other subtypes
specified e Not clearly fitting into other subtype
(n=4,15%) classifications
_ J

Figure 1. Radiographic features of pneumonitis associated with PD-1/PD-L1 therapy stratified into five
distinct phenotypes. Reprinted with permission from Naidoo et al. (2017).
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with bronchoalveolar lavage may be used to rule
out infection and malignant infiltration (Brahmer
et al., 2018b; Puzanov et al., 2017). It is important
to recognize that NSCLC patients receiving ICIs
could have two lung diagnoses. They may have
pneumonitis and an infiltrating pneumonia, in
which case both need to be managed. Pulmonary
function testing may help demonstrate a restric-
tive airway pattern.

As noted in the Red Flag section of the pneu-
monitis CSP, delayed diagnosis or misdiagnosis
of pneumonitis can have life-threatening conse-
quences when the condition is left unmanaged.
The CSP Grading Toxicity section describes how
to grade pneumonitis for toxicity, and then pro-
ceeds in the Management section to describe the
overall strategy of pneumonitis management and
toxicity/grade-related management. Immune
checkpoint inhibitor therapy needs to be withheld
for grade 2 pneumonitis until symptom resolu-
tion to grade 0/1 or clearance of pathology on CT
scans. Therapy should be discontinued for recur-
rent or persistent grade 2 events. In our hands,
patients may require the supportive care offered
by oxygen supplementation and dyspnea man-
agement including, in some cases, the use of an-
algesics to ease the burden of dyspnea. Nebuliz-
ers may help in patients with a restrictive airway
pattern. As outlined in the CSP, corticosteroids are
required for more advanced grade 2 or grade 3/4
pneumonitis. Patients with grade 2 pneumonitis
are initiated on lower dosages (prednisone at 1-2
mg/kg/day or equivalent), with dosage elevation
for those failing to respond adequately within 24
to 48 hours. High-dose corticosteroids and treat-
ment discontinuation is recommended for grade
3/4 pneumonitis. Infliximab or mycophenolate
mofetil may be added for steroid-refractory cas-
es. The section on Administering Corticosteroids
provides general guidance on steroid tapering and
long-term use of high-dose steroids. Empiric anti-
biotic therapy may be initiated for patients at risk
of infection.

With the increased use of medical cannabis,
many individuals will ask the APP about its use
to manage cancer symptoms. Requirements vary
by state, but where allowed, the delivery system is
likely critical, given the risks of marijuana inhala-
tion aggravating pneumonitis. Delivery systems

that do not involve inhalation or vaping are pre-
ferred—although there is a dearth of clinical data
on this at the moment.

Hypophysitis (Appendix E)
Hypophysitis is a rare but very serious endocri-
nopathy associated with ICI therapy, and is sig-
nificantly more common with cytotoxic T-lym-
phocyte associated protein 4 (CTLA-4) inhibitors
(ipilimumab) than with PD-1/PD-L1 inhibitors
(9% vs. <1%; AstraZeneca Pharmaceuticals LP,
2018; Barroso-Sousa et al., 2018; Bristol-Myers
Squibb, 2018; Byun, Wolchok, Rosenberg, & Giro-
tra, 2017; Genentech, Inc., 2018; Merck & Co., Inc.,
2018; Nishijima, Shachar, Nyrop, & Muss, 2017).
Higher rates have been reported with ipilimum-
ab-PD-1 combination therapy (Barroso-Sousa et
al., 2018; Byun et al., 2017). Older age and male sex
appear to be risk factors for ICI-related hypophy-
sitis (Ntali, Kassi, & Alevizaki, 2017).

Hypophysitis usually appears 5 to 36 weeks
after the initiation of ICI therapy, although it has
been reported as late as 19 months post treatment
start or after treatment termination (Ntali et al.,
2017). Diagnosis is complicated because many
hypophysitis symptoms are nonspecific and may
be attributed to either pituitary dysfunction, un-
derlying illness, or brain metastases (Ntali et al.,
2017). Symptoms include headache, fatigue, visual
defects or changes, hypotension, nausea, abdomi-
nal pain, anorexia, weight loss, temperature in-
tolerance, and loss of libido, among others (Ntali
et al., 2017; Puzanov et al., 2017). The CSP antici-
pates the possibility of these symptoms during as-
sessment and recommends clinicians actively look
(Does the patient appear fatigued? Does the pa-
tient look listless?), listen (Does the patient report
a change in energy or libido, headache, dizziness,
nausea/vomiting, altered mental status, visual dis-
turbances, or fever?), and recognize (low levels of
pituitary hormones; enhancement and swelling
of the pituitary on magnetic resonance imaging
[MRI] scans; hypotension) information suggestive
or indicative of hypophysitis. Red flags include
symptoms of adrenal insufficiency or a new onset
of severe headache or vision changes.

Diagnosis is further complicated when a base-
line endocrine panel is not obtained before begin-
ning ICI therapy or with early use of corticoste-
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roids to manage irAEs, interfering with subsequent
endocrine testing (Puzanov et al., 2017). The hy-
pophysitis CSP recommends consideration of an
endocrinology consult for all patients undergoing
ICI therapy and (ideally) a pretreatment diagnostic
workup to monitor levels of morning adrenocor-
ticotropic hormone (ACTH) and cortisol, thyroid
stimulating hormone (TSH), free thyroxine (FT4),
and electrolytes. Baseline measures for glucose
and glycated hemoglobin (HbAlc) should be estab-
lished before initiating immunotherapy (Brahmer
et al,, 2018b; Ntali et al., 2017; Puzanov et al., 2017).

When there is a clinical suspicion of hypophy-
sitis due to symptoms and/or laboratory abnor-
malities, a full endocrine workup is warranted,
along with consideration of brain MRI with or
without contrast with pituitary/sellar cuts (Brah-
mer et al., 2018b; Ntali et al., 2017; Puzanov et
al., 2017). As discussed in the CSP, an additional
workup that includes luteinizing hormone (LH),
follicle-stimulating hormone (FSH), testosterone,
and estradiol is advocated for patients exhibiting
low libido, mood changes, or fatigue. The differ-
ential diagnosis includes the elimination of brain
metastases as a cause of symptoms. A brain MRI
with sellar cuts is used to rule out brain metas-
tases, identify changes in pituitary features con-
sistent with hypophysitis, and monitor changes
during hypophysitis management (Figure 2; Car-
penter, Murtagh, Lilienfeld, Weber, & Murtagh,
2009). Pituitary morphology commonly changes
during the course of hypophysitis, beginning with
mild to moderate enlargement with stalk thicken-
ing, followed by atrophy and finally empty sella
in the worst cases (Ntali et al., 2017). However, it

should be noted that a normal MRI does not nec-
essarily rule out hypophysitis. The patient may be
symptomatic with no signs of inflammation. Man-
agement should proceed based on clinical presen-
tation and endocrine evaluation.

The Grading Toxicity section of the hypoph-
ysitis CSP describes how to grade hypophysitis
toxicity, and then proceeds in the Management
section to describe the overall strategy for hypoph-
ysitis and toxicity/grade-related management. If
left undiagnosed and untreated, hypophysitis may
lead to permanent endocrine organ dysfunction,
including secondary adrenal insufficiency, cen-
tral hypothyroidism, secondary hypogonadism,
and diabetes insipidus (Puzanov et al., 2017). Hy-
pophysitis management involves the replacement
of deficient hormones (Brahmer et al., 2018b; Ntali
et al., 2017; Puzanov et al., 2017).

Many patients with hypophysitis or other
immune-related endocrinopathies will require
lifelong hormone replacement, and this should be
discussed with the patient. The hypophysitis CSP
advocates educating patients regarding the possi-
bility of permanent loss of pituitary or other organ
function when receiving ICI therapy and the util-
ity of obtaining a medical alert bracelet.

ACTH and TSH deficiency are the most com-
mon manifestations of hypophysitis, followed by
hypogonadotropic hypogonadism and, more rare-
ly, deficient vasopressin (antidiuretic hormone
[ADH]) due to pituitary damage, producing diabe-
tes insipidus (Ntali et al., 2017). When both adre-
nal insufficiency and hypothyroidism are present,
the replacement of corticosteroids should start
several days before administering thyroid hor-

(Normal pituitary before

ipilimumab treatment after ipilimumab

-

Pituitary enlargement 9 weeks

~

Pituitary normalized in size 15 weeks
after ipilimumab

Figure 2. Brain magnetic resonance imaging with sellar cuts for initial and subsequent evaluation of
patient with hypophysitis. Reproduced with permission from Min (2016).
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mones to prevent precipitating an adrenal crisis
(Brahmer et al., 2018b; Puzanov et al., 2017).

As seen in the CSP, grade 1 hypophysitis gen-
erally does not require the withholding of ICIs,
whereas ICIs should be withheld for grade 2 and/
or grade 3 events—with resumption of ICI therapy
following stabilization on replacement hormones.
The CSP recommends the permanent discontinu-
ation of nivolumab for grade 4 events and of pem-
brolizumab for grade 3/4 events. Corticosteroids
are used to treat grade 3/4 events, beginning with 1
to 2 mg/kg oral prednisone or equivalent and then
gradually tapering over at least 1 to 2 weeks. View
the Administering Corticosteroids section of the
CSP for a guide on how to taper steroid therapy
and the use of long-term high-dose steroid therapy,
when appropriate. It is also important to instruct
patients on the need for hormone dose adjustments
(typically doubling) in the time of illness, trauma,
or stress (“stress dosing”; Brahmer et al., 2018b).

Diabetes Mellitus (Appendix G)
Diabetes mellitus, and particularly insulin-depen-
dent or type 1 diabetes mellitus (T1IDM), is another
rare endocrinopathy associated with PD-1/PD-L1
inhibitor therapy (Gauci et al., 2017; Iglesias, 2018;
Ntali et al., 2017; Sznol et al., 2017). It sometimes
presents as diabetic ketoacidosis (DKA), a life-
threatening condition. TIDM has been reported
in < 1% of PD-1/PD-L1 inhibitor-treated patients,
with lower rates for PD-L1 than PD-1 inhibitors (<
0.1% vs. 0.2%-0.6%; AstraZeneca Pharmaceuticals
LP, 2018; Bristol-Myers Squibb, 2018; Genentech,
Inc., 2018; Merck & Co., Inc., 2018). Autoimmunity
is implicated in the pathogenesis of PD-1/PD-L1
inhibitor-related T1DM, with identification of an-
tibodies against islet cell antigens reported in a
number of cases (Gauci et al., 2017; Girotra et al.,
2018; Ntali et al., 2017). A rare fulminant subset of
T1DM has also been described. It is characterized
by extremely rapid pancreatic f-cell destruction
and progression of hyperglycemia and ketoacido-
sis, very high plasma glucose levels, together with
a modest rise in HbAlc level and undetectable C-
peptide concentrations (Gauci et al., 2017). Fulmi-
nant T1DM is usually autoantibody negative.

The onset of TIDM ranges from 1 week to
1 year after initiation of PD-1/PD-L1 inhibitor
therapy (median 8.5 weeks). However, there are

anecdotal reports of TIDM occurring much lat-
er, even many months following the termination
of PD-1/PD-L1 inhibitor therapy. As with other
irAEs, it is probably best to maintain vigilance
and to instruct patients to do so as well. TIDM
may occur in patients without a prior history
of diabetes or as a compound issue in patients
with preexisting disease. Common symptoms of
T1DM include polyuria, polydipsia, weight loss,
and asthenia/fatigue (DiMeglio, Evans-Molina,
& Oram, 2018; Gauci et al., 2017). DKA is a less
common presentation. As discussed in the CSP,
clinicians should remain vigilant to the emer-
gence of symptoms indicative of TIDM through-
out the treatment process and beyond by follow-
ing the look (Does the patients appear fatigued
or dehydrated or have breath that smells sweet
or fruity?), listen (Does the patient describe fre-
quent urination or increased thirst, hunger, or fa-
tigue?), and recognize (presence of signs/symp-
toms of diabetes or infections) suggestions.

Patients should be monitored for hypergly-
cemia and other signs and symptoms of new or
worsening DM at baseline and before every treat-
ment cycle during induction for 12 weeks, and
then every 3 to 6 weeks thereafter (Brahmer et al.,
2018b). As discussed in the CSP, patients should
be further evaluated per institutional guidelines
when DKA is suspected, including an assessment
of blood pH, basic metabolic panel, urine or serum
ketones, and anion gap. An assessment of C-pep-
tide level may be warranted when serum ketones/
anion gap is positive. Patients suspected of TIDM
should be evaluated for the presence of antibodies
against pancreatic B-cells and glutamic acid de-
carboxylase (GAD), which are highly specific for
autoimmune disease (Brahmer et al., 2018b; Ntali
et al., 2017).

The CSP recommends clinicians discuss the
likely permanent status of TIDM with patients de-
termined to have T1DM after ICI therapy. Those
patients should also be educated about signs and
symptoms of hyper/hypoglycemia, proper insulin
use, and dietary modifications that may be useful.
Patients with ICI-related TIDM are closely fol-
lowed with regular checks on blood glucose levels
and for signs of DKA (e.g., fruity breath, confusion,
or nausea). The possibility of other endocrine or
nonendocrine irAEs should also be discussed.
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As shown in the CSP, clinicians generally
use laboratory value criteria from institutional
norms rather than Common Terminology Criteria
for Adverse Events (CTCAE) grading due to the
shortcomings of the current CTCAE for the grad-
ing of the diabetes irAE (US Department of Health
and Human Services, 2018). With ICIs, glucose
levels can rise quite rapidly and DKA can occur;
therefore, an evaluation of any underlying history
of type 2 diabetes (T2DM) and DKA suspicion are
key (NCCN, 2018). Patients with mild hyperglyce-
mia may continue PD-1/PD-L1 inhibitor therapy
with close clinical follow-up, laboratory evalua-
tion, and institution of dietary and other lifestyle
modifications (Brahmer et al., 2018b). Oral anti-
hyperglycemic therapy may begin for those with
new-onset T2DM. PD-1/PD-L1 inhibitor therapy
may be continued in patients with moderate or
worse hyperglycemia likely due to TIDM and no
DKA, monitoring blood glucose after each dose
and providing antihyperglycemic medication per
institutional protocol (NCCN, 2018). For patients
with moderate or worse hyperglycemia likely due
to new-onset TIDM or for any patient with DKA,
PD-1/PD-L1 therapy should be immediately with-
held and the patient provided with appropriate
inpatient care or urgent (same-day) outpatient re-
ferral. Insulin should be provided as directed by
the inpatient team and/or endocrinologist, and
DKA should be managed per institutional guide-
lines (e.g., IV fluids and insulin, potassium supple-
mentation, hourly glucose, serum ketones, blood
pH, and anion gap). The resumption of ICI ther-
apy may be considered once DKA has been cor-
rected and glucose levels have stabilized (NCCN,
2018). See the CSP for the management of “red-
flag” and emergency situations.

As the initial presentation of immunothera-
py-related diabetes may be frank DKA, patients
should be instructed at the onset of ICI therapy
about the signs and symptoms of DKA and the im-
portance of immediately reporting them to their
HCP or clinic. These symptoms include excess
thirst, frequent urination, general weakness, de-
creased alertness, nausea and vomiting, abdomi-
nal pain, dry skin and mouth, increased heart rate,
and a fruity odor of the breath. Of note, high-dose
corticosteroids used to manage other irAEs may
induce or exacerbate hyperglycemia (Williams,

Grauer, Henry, & Rockey, 2017). Patients should
be instructed about this possibility at the onset
of high-dose corticosteroid therapy and educated
about the signs and symptoms of DKA and the
importance of reporting them. If corticosteroid-
induced hyperglycemia is suspected in a previ-
ously normoglycemic patient, the risks vs. benefits
should be carefully weighed before tapering or
proceeding without change.

Arthralgias/Myalgias (Appendix I)
Information on rheumatologic/musculoskeletal
irAEs is relatively limited. Musculoskeletal com-
plaints are common in the general population,
and it is often difficult to determine if muscu-
loskeletal events in recipients of ICIs are im-
mune related or are caused by the cancer itself
or other medical conditions (Abdel-Rahman et
al.,, 2017; Cappelli, Naidoo, Bingham, & Shah,
2017b; Puzanov et al.,, 2017). Musculoskeletal
irAEs most commonly mentioned in clinical tri-
als, observational studies, and case reports in-
clude arthralgias (or more specifically, arthri-
tis) and myalgias, including myositis (Cappelli,
Gutierrez, Bingham, & Shah, 2017a; Cappelli,
Shah, & Bingham, 2017c). A recent systematic
review found arthralgia was the most commonly
reported musculoskeletal irAE in clinical trials
(1%-43%), followed by myalgia (2%-21%) and
arthritis (1%-7%; Cappelli et al., 2017a). Arthral-
gias were reported in 5% to 16% of patients re-
ceiving nivolumab in phase III trials (Cappelli et
al., 2017¢). Similar rates have been observed with
ipilimumab monotherapy, and higher rates with
nivolumab-ipilimumab combination therapy vs.
monotherapy (Cappelli et al., 2017¢). A recent
report suggests the onset of de novo myositis
may occur early following ICI therapy (median
5.4 weeks; range 2.1-17.1 weeks; Shah, Tayar, Ab-
del-Wahab, & Suarez-Almazor, 2018). There are
some reasons to believe musculoskeletal irAEs
are generally underreported (Cappelli et al.,
2017c; Puzanov et al., 2017).

Early recognition and treatment of musculo-
skeletal irAEs are important to limit or prevent
potential negative long-term consequences and
to improve quality of life (Cappelli et al., 2017b;
Puzanov et al., 2017). The CSP for arthralgias
and arthritis uses the 2017 CTCAE criteria to
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grade toxicity. As illustrated in the CSP, clini-
cians should educate patients that arthralgias/
arthritis are the most commonly reported rheu-
matic and musculoskeletal irAEs with ICIs and
that they should immediately report any appar-
ent symptoms. As indicated in the Assessment
portion of the CSP, clinicians should be on the
lookout for patients who appear uncomfortable,
exhibit a disrupted gait, and/or have swollen or
deformed joints. Do those patients report symp-
toms that are worsening, limiting their ability
to perform activities of daily living, and/or in-
creasing their fear of falling? If inflammatory
arthritis is present, is there an identifiable sub-
type? Risk of fall due to mobility issues is identi-
fied as a red flag.

Differential diagnoses for arthralgias (inflam-
matory arthritis) include metastases and preexis-
tent autoimmune disease, which can be evaluated
with plain x-ray or other imaging and autoim-
mune blood panel, respectively (Brahmer et al.,
2018b; NCCN, 2018). X-rays also provide infor-
mation about joint damage. A complete rheuma-
tologic history and examination of all peripheral
joints can help identify the number of joints af-
fected and the severity of the condition, as well as
functional impact (Brahmer et al., 2018b; Puzanov
et al., 2017). A laboratory assessment for arthral-
gias includes antibody screening, and inflamma-
tory markers, erythrocyte sedimentation rate
(ESR), and C-reactive protein. Consultation with
a rheumatologist may be warranted, especially for
advanced cases.

Clinicians should follow new reports of ar-
thralgia after beginning ICI therapy with an eye
toward determining whether they are inflamma-
tory (Brahmer et al., 2018b). Per the CSP, patients
with grade 1 arthralgia should continue receiving
PD-1/PD-L1 inhibitors, be encouraged to engage
in physical activity, and be offered low-dose non-
steroidal anti-inflammatory drugs (NSAIDs) when
needed. Grade 2 toxicities are managed by with-
holding PD-1/PD-L1 inhibitors (until grade 0/1)
and continuing physical activity with a higher-
dose NSAID. If inadequately controlled, low-dose
corticosteroids (0.5 mg/kg/day) are recommend-
ed, usually for a limited time of 4 to 6 weeks. PD-1/
PD-L1 inhibitors are withheld for first-occurrence
grade 3/4 arthralgias/arthritis and permanently

discontinued if the grade 3/4 event recurs or per-
sists for 12 weeks or longer. High-dose corticoste-
roids (1-1.5 mg/kg/day) are used for rapid effect
on grade 3/4 events. Infliximab or tocilizumab
may be considered if there is no improvement
within 2 weeks of initiating high-dose cortico-
steroids. Referral to a rheumatologist is recom-
mended at this point, with anticipation of adjunct
treatment with a disease-modifying antirheu-
matic drug (DMARD). Patients need to be tested
for viral hepatitis B and C, as well as undergo la-
tent/active tuberculosis testing before beginning
DMARD treatment (Brahmer et al., 2018b). The
CSP advocates educating patients that arthralgia/
arthritis symptoms may persist beyond treatment
completion or discontinuation.

ROLE OF THE ADVANCED

PRACTICE PROVIDER

PD-1/PD-L1 inhibitors represent a significant
treatment advance for many patients with ad-
vanced/metastatic NSCLC. However, these ben-
efits will never be realized if appropriate attention
is not focused on identifying and managing irAEs
that may arise during the treatment process (Kirk-
wood & Ribas, 2017). Advanced practice providers
are well placed to work with other members of the
clinical team and form liaisons between patients
and other providers who can help them achieve
their treatment goals.

Advanced practice providers are instrumen-
tal members of the multidisciplinary team car-
ing for the advanced NSCLC patient. Advanced
practice providers may be involved in assessing
whether a given patient is suitable for PD-1/PD-
L1 therapy. This includes assessing molecular
profiling, performing medication reconciliation,
and assessing for prior autoimmune conditions.
If not already performed upfront, all lung cancer
patients should be tested for PD-L1, EGFR, ALK,
BRAF,ROS1,and MET. Depending on the institu-
tion, APPs may be the ones ordering this testing.
If a patient is referred from another institution
and if the first lung biopsy was insufficient, the
APP may participate in arranging for a secondary
biopsy. When doing medication reconciliation, it
is important that the APP not only examine pre-
scribed medications, but also over-the-counter
drugs, herbal supplements, and “home-grown,”
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out-of-the-country drugs. These drugs may exac-
erbate developing irAEs.

Another important responsibility of the APP
is to educate the patient with NSCLC and his or
her family/caregivers about what to expect dur-
ing the treatment process, including what types
of irAEs to be on alert for when receiving PD-1/
PD-L1 therapy. Patients should be instructed
to report to the team all unusual events arising
during therapy (no matter how subtle or seem-
ingly insignificant) so that they may be promptly
evaluated and managed if necessary (McGetti-
gan & Rubin, 2017). Patients should also be in-
formed that irAEs can arise at any time during
therapy, even long after treatment has stopped.
They should be educated about the importance
of carrying an immunotherapy wallet card with
them at all times (even after discontinuing ther-
apy; McGettigan & Rubin, 2017). This helps in-
form emergency department staff or other HCPs
not involved in their usual care about the immu-
notherapy regimen they are receiving (or have
received) and the irAEs associated with them,
thereby facilitating better care. The Patient Ac-
tion plans on the IO Essentials site are specifi-
cally designed to support individualized patient
education and instruction (see aimwithimmuno-
therapy.org/patient-resourcesaction-plans).

In addition to aiding in diagnosis, assessing
severity, discussing lifestyle changes, and moni-
toring treatment effectiveness, APPs may also
play an important role in reassuring patients
who are concerned they will lose the antitumor
benefits of a PD-1/PD-L1 inhibitor when treat-
ment is withheld to deal with an irAE. Studies
show no difference in overall or progression-free
survival between patients in whom therapy is
temporarily withheld and those without a treat-
ment hold (Thompson, 2018). Other patients
will need to be informed they will require life-
long hormone replacement therapy to manage
the permanent endocrinopathy that arose during
treatment. Likewise, they can be reassured that
this need not significantly impair their quality of
life. Beyond establishing a strong therapeutic re-
lationship, the APP can educate and support the
patient with NSCLC through the longer-term
cancer journey afforded by the recent therapeu-
tic advances.
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