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Abstract: Recent advances in the understanding of immunology and antitumor immune
responses have led to the development of new immunotherapies, including vaccination
approaches and monoclonal antibodies that inhibit immune checkpoint pathways. These strategies
have shown activity in melanoma and are now being tested in lung cancer. The antibody drugs
targeting cytotoxic T-lymphocyte-associated antigen-4 and programmed cell death protein-1
immune checkpoint pathways work by restoring immune responses against cancer cells, and
are associated with unconventional response patterns and immune-related adverse events as
a result of their mechanism of action. As these new agents enter the clinic, nurses and other
health care providers will require an understanding of the unique efficacy and safety profiles
with immunotherapy to optimize potential patient benefits. This paper provides a review of the
new immunotherapeutic agents in development for lung cancer, and strategies for managing
patients on immunotherapy.
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Introduction

Lung cancer is the leading cause of cancer-related deaths in the US.' Approximately
85% of cases are non-small-cell lung cancer (NSCLC), and the majority of patients are
diagnosed at an advanced stage of disease.? Unfortunately, current treatment options
for NSCLC are limited. Historically, most patients in the US receive platinum-based
chemotherapy as first-line treatment.? A small population of patients are also candidates
for treatment with targeted agents; however, most patients eventually develop resistance
to targeted agents.>* Erlotinib (Tarceva®, OSI Pharmaceuticals, LLC, Farmingdale, N,
USA), afatinib (Gilotrif®, Boehringer Ingelheim Pharmaceuticals, Inc, Ridgefield, CT,
USA), and crizotinib (Xalkori®, Pfizer, Inc, New York, NY, USA) are approved first-line
therapies for patients expressing particular mutations in the epidermal growth factor
(EGF) receptor, or with anaplastic lymphoma kinase (ALK)-positive tumors, respec-
tively. Patients with non-squamous NSCLC without a recent history of hemoptysis
may be treated with bevacizumab (Avastin®, Genentech, South San Francisco, CA,
USA) in combination with doublet therapy. Bevacizumab is a monoclonal antibody that
inhibits angiogenesis of the tumor, leading to tumor starvation. Docetaxel, pemetrexed,
and erlotinib are approved second-line therapies.’

Even with treatment, 5-year survival rates average 17% for patients with early
disease and 4% for patients diagnosed with metastatic disease.!? Current chemothera-
pies work by acting non-selectively, targeting cell division or cell suicide pathways
to encourage tumor cell death.’ Targeted agents inactivate specific mutated proteins
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that confer growth advantages to the tumor; however,
only a percentage of patients express these mutations,
ie, 10%—-15% for EGF receptor mutations and 2%—7% for
ALK mutations.® In contrast, immunotherapies are designed
to restore, stimulate, or enhance the ability of the immune
system to recognize and eliminate tumors, and in initial trials,
immunotherapies have shown activity in NSCLC and other
cancer types.'®'* Herein, new therapeutic approaches for
NSCLC are reviewed, focusing on immunotherapy.

Tumor immunology

The immune system primarily functions to protect the body
from damage caused by pathogens. However, the immune
system also serves to detect and eliminate aberrant cells,
including cancer cells, which could potentially cause
harm." This is evidenced by the finding that patients with
reduced immune function as a result of acquired immune
deficiency syndrome or chronic immunosuppression have
increased rates of malignancy.'® T-cells eliminate tumors
by recognizing aberrant proteins presented by cancer-
ous cells, and coordinating an immune response against
them.'s Immune responses, whether against tumor cells,
infected cells, or as a result of autoimmunity, can damage
healthy tissue if left unchecked. To protect against this,
the immune system has multiple mechanisms to downregu-
late immune responses — collectively known as immune
checkpoint pathways.
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Figure | Immune evasion or immunosuppressive strategies used by tumor cells.

The cytotoxic T-lymphocyte-associated antigen-4
(CTLA-4) and programmed cell death protein-1 (PD-1) path-
ways are two of several immune checkpoint pathways that
play critical roles in controlling T-cell immune responses.
CTLA-4 and PD-1 are expressed by T-cells. When they bind
their ligands (CD80 and CD86 [B7 molecules] for CTLA-4;
programmed death ligand-1 [PD-L]1 and PD-L2 for PD-1),
the T-cell effector functions are dampened or stopped, and
the T-cell can become nonresponsive.!” CTLA-4 is thought
to act in the early stages of an immune response, primar-
ily to reduce T-cell responses to self antigens and prevent
autoimmunity.!” In contrast, PD-1 functions in the later
stages of an immune response to stop ongoing immune
activity in tissues.!’

Some tumors evade immune responses by exploiting
immune checkpoint pathways and other regulatory mecha-
nisms (Figure 1).!%23 A better understanding of these immune
evasion strategies has given rise to novel immunotherapies
that can restore the patient’s own immune system to respond
to and eliminate cancer cells. These immunotherapies
re-engage and allow T-cells to function appropriately
against tumors.

Rationale for immunotherapy
in NSCLC

Immunotherapeutic approaches have been effective in
some cancers. Both sipuleucel-T (Provenge™, Dendreon
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Notes: Tumors use numerous strategies to evade immune responses.'®2 (A) Cancer cells can downregulate expression of MHC molecules that present tumor antigens
to T-cells, and suppress tumor antigen presentation by professional APC, thereby avoiding recognition by T-cells. (B) Tumors create an immunosuppressive environment
by recruitment and retention of suppressive Tregs and MDSCs, or (C) by secretion of immune-regulating or suppressive cytokines (IL-4, IL-5, IL-6, IL-10, and IL-13 and
transforming growth factor-beta) and mediators (prostaglandins, indoleamine 2,3-dioxygenase. (D) Dysregulation of T-cell checkpoint pathways, including expression of PD-
LI by tumors, sends negative signals to tumor-specific T cells, causing T cell inactivation.

Abbreviations: APC, antigen-presenting cells; IL, interleukin; MDSCs, myeloid-derived suppressor cells; MHC, major histocompatibility complex; Tregs, T-regulatory cells.
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Corporation, Seattle, WA, USA) and ipilimumab (Yervoy™,
Bristol-Myers Squibb, Princeton, NJ, USA) were approved
based on significantly improved patient survival versus con-
trol treatment in clinical trials.**” Sipuleucel-T, approved
for asymptomatic or minimally symptomatic metastatic
castrate-resistant (hormone-refractory) prostate cancer, is
a vaccination approach in which a patient’s own immune
cells are removed, primed specifically against a prostate
cancer antigen, and reintroduced into the patient’s body.?%*’
Ipilimumab, approved in the US for the treatment of unre-
sectable or metastatic melanoma, is a human monoclonal
antibody that directly modulates the immune system by
preventing CTLA-4 from binding its ligands.**?

Historically, NSCLC has not been considered sensi-
tive to immune-based therapies; however, data show lung
tumors are recognized by the immune system, and a more
robust antitumor immune response is associated with bet-
ter survival. In clinical studies, higher numbers of tumor-
infiltrating CD4" T-cells, CD8" T-cells, natural killer cells,
and/or dendritic cells have been associated with improved
patient survival.?®3* Nevertheless, the poor outcomes in
NSCLC indicate that in many cases, the immune system
is ultimately unable to completely destroy cancerous cells.
This may be due to an immunosuppressive environment cre-
ated by lung tumors, that hinders the ability of the immune
system to eliminate NSCLC.233% The observation that the
immune system can recognize and respond to lung tumors,
but is countered by immunosuppressive effects of the tumor,
suggests that immunotherapies could work by harnessing the
natural ability of immune cells to recognize and respond to
lung cancer cells.

Immunotherapeutic approaches
for NSCLC

Standard therapies for NSCLC act directly on cancer cells
to inhibit tumor growth or cause tumor cell death. The
mechanisms of action for chemotherapeutic agents include
interrupting proper DNA synthesis, replication, and repair,
or inhibiting normal cell division.>**#! Erlotinib, afatinib,
and crizotinib target proteins (the EGF receptor or ALK) that
are aberrantly expressed or mutated in subsets of NSCLC
cancers, predominantly in nonsquamous subtypes.*** These
proteins confer a survival and growth advantage to the tumor;
the targeted agents work to inactivate them and reduce the
aggressiveness of the tumor.*** Bevacizumab is thought to
restrict tumor cell growth by inhibiting angiogenesis, thereby
limiting the tumor’s blood supply; it may also enhance deliv-
ery of chemotherapeutic drugs to the tumor (Figure 2).4¢

In contrast, immunotherapy acts on the patient’s own
immune system, not the tumor. The therapeutic goals of
immunotherapy are to modulate the immune system to rec-
ognize and attack the tumor. Strategies to actively enhance
the immune response against NSCLC include vaccination to
stimulate antibody and T-cell responses to cancer cells and
use of immune checkpoint inhibitors to restart T-cell immune
responses to NSCLC cells.

Vaccination strategies

Many vaccines for NSCLC have reached the Phase II
or III trial stage of development, the majority of which pair
cancer-associated antigen(s) with an immune-activating
compound.

Melanoma-associated antigen A3

Melanoma-associated antigen A3 (MAGE-A3) is a tumor-
associated antigen (ie, expressed on the surface of certain
cancer cell types, but not normal cells), and is thus a good
candidate for a vaccine.*’ In a study of patients with stage 1
or 2 NSCLC, MAGE-A3 was expressed by 39% of tumors.*’
A randomized, placebo-controlled Phase II trial tested a
MAGE-A3 vaccine in patients with completely resected
MAGE-A3-positive stage 1b—2 NSCLC.*® After a median of
44 months, disease recurrence was slightly reduced in patients
receiving the vaccine versus placebo (35% versus 43%), but
there were no significant differences in disease-free interval
or survival between the groups.*® An ongoing Phase III trial
in patients with completely resected MAGE-A3-positive
stage 1b—3a NSCLC is evaluating disease-free survival after
MAGE-A3 vaccination.®

Mucinous glycoprotein-|
Mucinous glycoprotein-1 (MUCT) is another tumor-associated
antigen that is commonly expressed in NSCLC, and often
aberrantly expressed or glycosylated.® Two MUCT vaccines,
L-BLP25 and TG4010, have shown evidence of activity in
clinical trials, and are being pursued in Phase III trials.
L-BLP25 (tecemotide, Stimuvax®) uses the BLP25 lipo-
peptide of MUCI1 and an adjuvant in a liposomal delivery
system.”*’! In a Phase IIb trial in patients with stage 3b or 4
NSCLC who were stable or had responded to first-line chemo-
therapy, L-BLP25 following a low dose of cyclophosphamide
was associated with improved median and 2-year survival,
particularly in the subset of patients with stage 3b locore-
gional disease. Two trials will evaluate overall survival in
patients with nonresectable stage 3 NSCLC receiving best
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Figure 2 Targeted therapy approaches in NSCLC. Targeted therapies work by inactivating proteins essential for tumor growth and survival. Both EGF receptor tyrosine
kinase and ALK can be mutated and overactive in some patients with NSCLC, although not typically in the same patients. Erlotinib and afatinib inhibit the tyrosine kinase
on the intracellular region of the EGF receptor and prevent growth signaling. Crizotinib inhibits the kinase activity of ALK, located in the cell cytoplasm, to prevent growth
signaling. Bevacizumab binds and inactivates vascular endothelial growth factor (VEGF) secreted by the tumor into the intracellular space, thereby limiting blood vessel
formation to the tumor.

Abbreviations: ALK, anaplastic lymphoma kinase; EGF, epidermal growth factor; NSCLC, non-small cell lung cancer.

supportive care with L-BLP25 versus placebo, following a
low dose of cyclophosphamide.™*?

TG4010 contains a genetically modified virus that
expresses both MUCI and interleukin-2, a cytokine which
activates T-cells and natural killer cells.** TG4010 was evalu-
ated in patients with stage 3b or 4 MUC 1 -positive NSCLC in
conjunction with chemotherapy (cisplatin plus gemcitabine)
in a Phase IIb study.>* Six-month progression-free survival
was higher with TG4010 versus chemotherapy alone (43%
versus 35%). A Phase IIb/I11 trial of TG4010 (versus placebo)
with first-line therapy in patients with stage 4 NSCLC is

currently recruiting patients. Progression-free survival and
overall survival will be evaluated.”

Belagenpumatucel-L

Belagenpumatucel-L (Lucanix™, NovaRx Corporation,
San Diego, CA, USA) is a cellular vaccine composed of
four types of NSCLC cell lines (two adenocarcinomas, one
squamous carcinoma, and one large-cell carcinoma) that
have reduced transforming growth factor-beta production as
a result of genetic modification.*® Three different doses of
belagenpumatucel-L using the same vaccination schedule
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were tested in patients with stage 2—4 NSCLC after prior che-
motherapy.*® A dose-dependent survival advantage was seen,
in that the estimated median survival time for patients receiv-
ing the two higher doses (combined) was significantly higher
than for patients receiving the lowest dose (581 days versus
252 days; P=0.0186). The investigators reported that no
significant adverse events were observed. A Phase III trial of
the vaccine versus placebo in patients with advanced NSCLC
who had previously received chemotherapy completed enroll-
ment in 2012, but has not yet reported results.”’

Epidermal growth factor

The EGF receptor is overexpressed in many tumor types,
including NSCLC, and signaling through this receptor is
associated with cell proliferation, decreased cell death, cell
migration, and angiogenesis.*** A vaccine (CimaVax-EGF)
was designed to elicit an antibody response against EGF, an
important ligand for the EGF receptor, in order to reduce
EGF receptor signaling and limit tumor growth.*® CimaVax-
EGF was tested in patients with advanced NSCLC who had
finished first-line therapy, and showed significant survival
improvement in patients <60 years of age as compared with
patients who did not receive the vaccine (median survival
11.6 months versus 5.3 months, P=0.0124). The vaccine was
well tolerated, with no grade 3 or 4 adverse events reported.™
A Phase III trial is currently being conducted in the UK,
with an estimated completion date in 2015.° No US trials
are ongoing.

Immune checkpoint inhibitors

Whereas vaccines are designed to stimulate tumor antigen-
specific immune responses, immune checkpoint inhibitors, in
theory, should “remove the brakes” on most T-cell-mediated
immune responses. This mechanism of action has the risk
of inducing immune-related reactions. In this section, the
current data on the activity of immune checkpoint inhibi-
tors in NSCLC are reviewed, followed by separate sections
on the incidence and management of select adverse events
(adverse events with potential immunologic etiologies that
require more frequent monitoring and/or unique intervention)
observed with these therapies.

Anti-CTLA-4

Ipilimumab is a fully human IgG1 monoclonal antibody that
binds to CTLA-4 and prevents cytotoxic T-cell downregulation
at early stages of T-cell activation. In patients with previously
treated metastatic melanoma, ipilimumab therapy can improve
survival.® In the pivotal trial, one-year survival was estimated

at 46% of patients versus 22%—-38% for patients with similar
disease receiving other treatment regimens using historical
data.”® Approximately 24% of clinical trial patients with
advanced melanoma treated with ipilimumab were alive at
2 years.” Using real-world data, one-year survival rates for
patients with advanced melanoma treated with ipilimumab
were estimated to be 49%—60%.5%¢!

The activity of ipilimumab in combination with paclitaxel
and carboplatin was evaluated in patients with chemotherapy-
naive advanced (stage 3b or 4) NSCLC.** Patients were ran-
domized to a concurrent ipilimumab regimen (four doses of
ipilimumab plus paclitaxel and carboplatin followed by two
doses of placebo plus paclitaxel and carboplatin), a phased
ipilimumab regimen (two doses of placebo plus paclitaxel
and carboplatin followed by four doses of ipilimumab plus
paclitaxel and carboplatin), or a control regimen (up to six
doses of placebo plus paclitaxel and carboplatin). Ipilimumab
or placebo, paclitaxel, and carboplatin were administered
intravenously once every 3 weeks for a maximum of
18 weeks. Patients without progression received maintenance
treatment with either ipilimumab (ipilimumab arms) or
placebo (control arm) once every 12 weeks until progression,
death, or intolerance.

Antitumor responses were highest in the phased
ipilimumab group (Table 1).% Although the numbers were
small in the trial, subset analyses suggested phased ipili-
mumab significantly improved the activity of chemotherapy
in patients with squamous histology and no significant
benefit for patients with nonsquamous histology.®?> Based
on the promising results, a Phase III study of phased ipili-
mumab with chemotherapy has been initiated in patients with
stage 4/recurrent squamous NSCLC.%

Table | Clinical results of ipilimumab in combination with
chemotherapy in patients with chemotherapy-naive advanced
(stage 3b or 4) NSCLC

Phased Concurrent  Chemotherapy
ipilimumab ipilimumab control
Time to 5.7 months 5.5 months 4.6 months
immune-related
progression,
median
Progression-free 5.1 months 4.1 months 4.2 months
survival (WHO
criteria), median
Overall survival, 12.2 months 9.7 months 8.3 months
median
Overall survival 50% 42% 39%

at one year

Note: Data from Lynch et al.?
Abbreviations: NSCLC, non-small cell lung cancer; WHO, World Health Organization.
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Blocking the PD-1 pathway is thought to modulate the activity
of T-cells that have become nonresponsive after encountering
PD-1 ligands in the tumor microenvironment (Figure 3).!7:64
There are currently two anti-PD-1 agents in advanced stages
of development: nivolumab and MK-3475.

Nivolumab

Nivolumab (BMS-936558), a fully human IgG4 PD-1
immune checkpoint inhibitor, is currently being evalu-
ated in two Phase III trials for NSCLC after promising
Phase I data. In the initial trial, nivolumab monotherapy
was administered to patients with several tumor types,
including 129 patients with NSCLC, nearly all of whom
had received prior treatment.'>% Patients received one of
five different nivolumab doses, ranging from 0.1 mg/kg
to 10.0 mg/kg every 2 weeks for up to 12 8-week cycles.
In NSCLC patients, objective responses were observed in

A Tumor _
antigen Deactivated
presentation CD8+T cell
MHC TCR
CD28

CTLA-4:B7 binding

Tumor
antigen
presentation

| TCR

Deactivated
CD8+ T cell

MHC

PD-1

PD-L
PD1:PD-L1
binding

Tumor cell Tumor cell growth and

proliferation

evaluable patients across doses of 1-10 mg/kg and across
histologic subtypes in the initial analysis (Table 2). With
extended treatment, the median response duration for the
3 mg/kg dose had not been reached at the time of analysis
(range 16.1+ weeks to 133.9+ weeks). Median overall sur-
vival across all dose cohorts was 9.2 months for patients
with squamous NSCLC and 10.1 months for those with
nonsquamous NSCLC. At the 3 mg/kg dose, the median
overall survival was 14.9 months (9.5 months for squamous
NSCLC; 18.2 months for nonsquamous NSCLC), and this
dose has been selected for Phase III trials. Data on overall
survival rates are limited. Overall survival for NSCLC
patients at one and 2 years was 42% and 24%, respectively.
One-year survival was 39% for patients with squamous
NSCLC and 43% for patients with nonsquamous NSCLC
across all doses.®

The tolerability and activity seen with nivolumab in
previously-treated NSCLC patients, including 54% of

B

Activated
CD8+ T cell

D2
B7 CTLA-4
-—

Anti-CTLA-4 antibody

Activated

Cytolytic molecules CD8+ T cell

PD-L1 /

Anti-PD-1 antibody

Tumor cell
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Figure 3 Concept of immunotherapy in NSCLC. (A) APCs display tumor antigens and B7 (CD80/CD86) molecules to CD8+ T-cells. CTLA-4 and CD28 are expressed on
T-cells and compete for binding to B7. CTLA-4 has a higher affinity for B7 and CTLA-4:B7 binding leads to T-cell deactivation. (B) Anti-CTLA-4 antibodies prevent CTLA-4:B7
binding and allow CD28:B7 binding leading to T-cell activation. (C) Binding of PD-I on T-cells to PD-LI| (or PD-L2; not depicted) on tumor cells causes T-cell deactivation.
(D) Anti-PD-1 antibodies (or anti-PD-LI| antibodies, not shown) prevent PD-1:PD-L| binding and restore T-cell activation and killing of tumor cells via release of cytolytic

molecules.
Abbreviations: APCs, antigen-presenting cells; MHC, major histocompatibility complex; NSCLC, non-small cell lung cancer; CTLA4, cytotoxic T-lymphocyte-associated
antigen-4.
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Table 2 Initial Phase | efficacy results for nivolumab monotherapy in evaluable patients with NSCLC

Nivolumab Objective response rate, % Stable disease =24 weeks, % Progression-free survival rate at 24
dose (mg/kg) weeks, %
Squamous Nonsquamous All Squamous Nonsquamous All Squamous Nonsquamous All
(n=18) (n=56) NSCLC (n=18) (n=56) NSCLC (n=18) (n=56) NSCLC
(n=76)* (n=76)* (n=76)*
1.0 0 0 6 0 8 6 0 14 16
3.0 50 23 32 0 15 I 50 37 41
10.0 43 13 18 0 6 5 43 21 24
All doses 33 12 18 0 9 7 33 22 26

Notes: “Two patients had unknown histologic type. From N Engl | Med, Topalian SL, Hodi FS, Brahmer JR, et al, Safety, activity, and immune correlates of anti-PD- | antibody
in cancer, 366, 2443-2454. Copyright © (2012) Massachusetts Medical Society. Adapted with permission from Massachusetts Medical Society.'

Abbreviation: NSCLC, non-small-cell lung cancer.

patients with three prior lines of therapy, was notable and
served as the basis for pursuing Phase III trials. The trials
will evaluate efficacy (response rate and overall survival)
of nivolumab versus docetaxel as a second-line therapy in
patients with previously treated advanced stage or metastatic
squamous®® or nonsquamous NSCLC.%” Additional Phase II
studies are also ongoing, with objective response rate as
their primary endpoint, testing nivolumab monotherapy
as third-line treatment in patients with advanced or meta-
static squamous NSCLC,* nivolumab plus ipilimumab in
advanced or metastatic solid tumors, including NSCLC,* and
nivolumab following azacitidine and entinostat versus oral
azacitidine in patients with recurrent metastatic NSCLC.™
A Phase I trial is testing nivolumab as monotherapy, main-
tenance therapy, or in combination with chemotherapy or
targeted agents (erlotinib and bevacizumab), or with ipili-
mumab in patients with stage 3b/4 NSCLC."!

MK-3475

MK-3475 is a humanized IgG4 monoclonal antibody that
binds PD-1. A Phase I dose-finding study of MK-3475
showed a high response rate and durable responses in
patients with advanced melanoma.” In patients with
NSCLC who were previously treated with two systemic
regimens, MK-3475 was administered at 10 mg/kg every 3
weeks. In an interim analysis of 38 patients, the objective
response rate was 21%, and most responses had occurred
by 9 weeks.” A Phase II/III study comparing MK-3475
and docetaxel has been initiated in patients with NSCLC
that has progressed after platinum-containing therapy. The
trial is evaluating a low and high dose of MK-3475, with
overall survival, progression-free survival, and safety as the
primary endpoints.™

Anti-PD-LI
Anti-PD-L1 therapies also target the PD-1 pathway by bind-
ing one of its ligands, ie, PD-LI.

BMS-936559

BMS-936559 is a high-affinity, fully human, PD-L1-specific
monoclonal antibody which showed activity against advanced
NSCLC in a Phase I clinical trial that included multiple
advanced tumor types.” Five of 49 evaluable NSCLC patients
had an objective response; response duration ranged from
2.3+ months to 16.6+ months. Six of 49 patients had stable
disease lasting =24 weeks, and 31% of patients had progres-
sion-free survival at 24 weeks.

MPDL3280A

Another anti-PDL1 antibody is MPDL3280A, which is a
human monoclonal antibody containing an altered nonbind-
ing domain.” A Phase I dose escalation/expansion study in
multiple solid tumor types is being conducted to evaluate
dose-limiting toxicities. In an interim analysis of 40 NSCLC
patients who had received doses of 1-20 mg/kg, the response
rate was 23%, and all responses were ongoing or improving at
data cutoff (range 1+ to 214+ days). The rate of progression-
free survival at 24 weeks was 46%. Two Phase I studies
with MPDL3280A are ongoing. One trial is monitoring
objective responses and safety in patients with PD-L1-
positive locally advanced or metastatic NSCLC receiving
MPDL3280A monotherapy.” The other study is evaluating
response rates and safety of MPDL3280A compared with
docetaxel in patients with advanced or metastatic NSCLC
in whom platinum therapy has failed.”

Immunotherapy combinations

Given the many agents with nonredundant mechanisms of
action, immunotherapy combinations are being explored
in cancer trials in the hope of superior efficacy over single
agents. Preliminary evidence in advanced melanoma sug-
gests that this might indeed be possible. A combination of
ipilimumab and nivolumab in advanced melanoma showed
that 53% of patients had an objective response, and these
patients all had a reduction in tumor volume of 80% or
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more. In total, 65% of patients had evidence of clinical
activity."

Trials of ipilimumab and nivolumab are now under-
way in NSCLC, including the one in patients with stage
3b/4 NSCLC mentioned above.” Two early (Phase 1) tri-
als in advanced tumors, including NSCLC, are evaluating
nivolumab in combination with recombinant interleukin-21,%
an immune-stimulating cytokine that has shown clinical
activity in melanoma and renal cell carcinoma, and in
combination with lirilumab (a natural killer cell-activating
antibody).®! Several approaches combining checkpoint
inhibitors and vaccines are being investigated in numerous
cancer types, but so far none are exclusively in NSCLC.%

Immune-mediated responses

and treatment decisions

As compared with chemotherapy, unconventional treatment

responses have been observed with immunotherapy. These are

also likely due to the immune mechanism of action, and can

be associated with improved long-term patient outcomes.*

In addition to shrinkage of baseline lesions in the absence of

new lesions, the following immune-related response patterns

have been described:

e durable stable disease (in some patients followed by a
slow, steady decline in total tumor burden)

e reduced tumor burden after an increase in total tumor
burden

e overall reduced tumor burden in the presence of new
lesions.

Increased tumor volume followed by tumor shrinkage
has been called pseudoprogression. The increased tumor size
may be caused by higher numbers of immune cells infiltrating
the tumor. Also, as compared with chemotherapy, delayed
responses are not uncommon, and likely due to the time it
takes to generate effective antitumor immune responses.?>34
The health care provider will need to consider these poten-
tial response patterns in patients on immunotherapy when
assessing the effectiveness of therapy and making treatment
decisions.

Safety profile of immunotherapy

Immunotherapies stimulate the immune system with the
goal of eradicating tumors, and some side effects are likely
related to this immunologic mechanism of action. Inhibiting
the CTLA-4 and PD-1 pathways will lead to activation
of T-cells specific to tumor antigens and potentially to
self antigens.!! As such, certain adverse events in patients

receiving checkpoint inhibitors differ from chemotherapy-
related adverse events. These events are termed select adverse
events, and may require more frequent monitoring and/or
unique intervention.

The most common types of select adverse events
reported with checkpoint pathway inhibitors are listed
in Table 3,!213:25:62.65.72.73.75.768586 and include gastrointestinal,
dermatologic, and endocrine side effects. In clinical stud-
ies, select adverse events were reported in approximately
40%—60% of patients, including 3%-20% patients with
grades 3 or 4. Select adverse events were reversible in
most cases; however, some adverse event-related deaths
occurred.!'223:62657273.75 Differences in the incidence and
type of grade 3—4 select adverse events across the different
immunotherapy drugs were observed, and newer agents
under investigation appear to have a better overall safety
profile than ipilimumab. However, additional data are needed
to confirm this observation.

Overall, dermatologic select adverse events were the
most frequently reported (12%—44%), followed by gastroin-
testinal events (9%—32%).!22>%7 Infusion-related reactions
(3%-10%), endocrine disorders, including hypothyroid-
ism, adrenal insufficiency, and hypophysitis (2%—8%), and
pneumonitis (3%—6%) were also reported,'>?>6%275 as were
isolated cases of uveitis (Table 3)."*7 In a pilot study of
combination therapy with both ipilimumab and nivolumab
in melanoma, select adverse events occurred at a higher
frequency, with 53% of patients experiencing a grade 3—4
event.'® These select adverse events were generally reversible,
although three patients (9%) discontinued therapy owing to
treatment-related adverse events. No treatment-related deaths
were reported in the study.”

Table 3 Examples of select adverse events reported with
immune checkpoint inhibitors'?!32562657273.75.768586

Category Adverse events

Dermatologic Pruritus, rash, vitiligo, urticaria, alopecia, pruritic
rash, macular rash, hypopigmentation, erythema,
erythematous rash

Gastrointestinal Diarrhea, colitis, nausea, abdominal pain

Endocrine Hypothyroidism, hyperthyroidism, hypopituitarism,
hypophysitis, adrenal insufficiency, altered
hormone levels

Hepatic Hepatitis, increased liver function enzymes

Pulmonary Pneumonitis, pulmonary edema

Ocular Uveitis, episcleritis, eye pruritus

Pancreatic Elevated lipase levels, hyperglycemia

Infusion-related Infusion-related reaction or hypersensitivity

General Fatigue, headache, decreased appetite, arthralgia
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Management of select

adverse events

Onset of immune-mediated side effects is variable and
appears to depend on the organ system affected, although
many occur during the first treatment cycles. Some, however,
occur after a patient has been treated with several cycles.
This is in keeping with the immune mechanism of action, as
the time it takes to recognize antigens and build a response
is inconsistent and may be prolonged. Also, delayed select
adverse events can develop after a patient has completed or
discontinued treatment, as the immune responses may persist.
Thus, it is imperative for clinicians to continue to monitor
for potential side effects.

Although most select adverse events with immunothera-
pies are of low grade, select adverse events can occur with
rapid onset, and prompt medical attention is critical to the
management of immune-related events.?>*” This requires a
joint effort between health care providers, patients, and care-
givers. Key strategies for successful management of select
adverse events include the following:

e carly detection and continued screening for potential
select adverse events

e utilization of treatment algorithms for immune-
mediated diarrhea/colitis, pneumonitis, and endocrine
disorders (hypothyroidism, hypophysitis, and adrenal
insufficiency)

e ongoing education of staff nurses and support staff regard-
ing the unique side effect profile

e continual education of family members and caregivers
to the unique side effect profile and encouragement of
early notification of side effects

o referral to specialists, ie, an endocrinologist, pulmonolo-
gist, and ophthalmologist.

Health care providers, patients, and caregivers should have
a low threshold for acting on gastrointestinal symptoms for
ipilimumab-treated patients, because the pathology and treat-
ment are different than for chemotherapy-associated diarrhea.
Similarly, any exacerbation in pulmonary symptoms, even in
patients with lung cancer, should be evaluated in patients who
have received nivolumab, MK-3475, or other immunotherapy.
The evidence suggests that progression to severe events may be
avoided through proactive monitoring and early and sustained
intervention.®%” Any potential select adverse event should be
treated with a high level of concern.

Clinical trial protocols and reports, and the ipilimumab
prescribing information offer guidelines for the manage-
ment of select adverse events that occur in patients receiving

immune checkpoint inhibitors, although it should be noted
that, at present, only ipilimumab has an approved antican-
cer indication (advanced melanoma).'!3242572758687 Thege
guidelines include:
e cvaluation/monitoring of thyroid and liver function tests
prior to each ipilimumab dose
e supportive antidiarrheals for grade 1 diarrhea
e administration of corticosteroids if diarrhea progresses
to grade 2
e systemic high-dose corticosteroid treatment for severe,
persistent, or recurring select adverse events; steroid taper
is usually protracted to prevent rebound recurrence of
select adverse events
e adelay in a scheduled dose for moderate select adverse
events until complete recovery, or discontinuation of
therapy for severe reactions
e use of replacement therapy for endocrine disorders, spe-
cifically thyroid replacement and steroid replacement.
Investigators in clinical trials used these strategies for
effective management of select adverse events in most
cases. In nivolumab trials, hepatic or gastrointestinal adverse
events were managed with treatment interruption and, as
necessary, with the administration of glucocorticoids. Also,
early-grade pneumonitis in six nivolumab-treated patients
was reversible with treatment discontinuation, glucocorticoid
administration, or both. In three patients with pneumonitis,
infliximab, mycophenolate, or both were used for additional
immunosuppression, although the efficacy of this strategy
was difficult to evaluate.'? Glucocorticoid administration for
select adverse events is usually continued on a slow taper fol-
lowing recovery to reduce recurrence. For pneumonitis, diar-
rhea or colitis, or adrenal insufficiency of more than grade 2,
patients may require hospitalization. Referral to specialists
(eg, endocrinologist, ophthalmologist) is recommended
for the management of select adverse events and ongoing
management of patients on immunotherapy, as needed. In
clinical trials, at the discretion of the treating physician, treat-
ment with immunotherapy was typically reinitiated once the
adverse event had been successfully managed.!>">%’

Role of the advanced practice

registered nurse

It is essential to educate all members of the health care team
regarding the introduction of new treatment regimens. The
advance practice nurse is involved in the coordination of these
education efforts. In our center, education sessions for physi-
cians, advanced practice registered nurses, research nurses,
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and pharmacists are scheduled prior to the initiation of all
new clinical trials to provide indepth education regarding the
new therapy. Symptom management algorithms are reviewed
during the new therapy planning sessions. Thereafter, the team
works closely with the nursing leadership to provide education
for the nursing staff, including the importance of frequent
symptom monitoring. The advanced practice registered nurse
is ideally placed to monitor the patient for physical side effects
and to order appropriate diagnostic evaluations for suspected
select adverse events. The advanced practice registered nurse
is also involved in coordinating the consult services needed
for the management of select adverse events.

The successful treatment of patients on immunotherapy
depends on the diligence of ongoing assessment/identifica-
tion and management of immune-mediated side effects.
Unmanaged select adverse events can mean the discontinu-
ation of potentially beneficial therapy, and in some cases,
can be fatal.

Conclusion

Immunotherapies represent a novel approach to the treat-
ment of NSCLC, and offer the potential for extended ben-
efits, even in advanced disease. Unlike targeted agents, the
efficacy of immunotherapy is not limited to patients with
particular mutations, and may have broad applicability.
As immunotherapies have novel antitumor effects, such as
pseudoprogression, repeat biopsies and/or confirmatory scans
may be necessary to inform treatment decisions. Also, unlike
chemotherapy or targeted therapy, health care providers
need to consider select adverse events for patients receiving
immunotherapy. Although select adverse events may not be
a familiar concept in oncology clinics, most select adverse
events can be managed with awareness and action, and
immunotherapy may be maintained or reinitiated following
resolution of immune-related adverse events. To ensure that
these therapies can be used to their fullest benefit, health care
providers should be aware of the unique response patterns
and immune-mediated side effects of these agents so that
they can make appropriate treatment decisions. Nurses will
play a key role as immunotherapies become more common
in the clinic, both in treating patients and in the education of
patients, family members, and other health care providers.
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