1duosnue Joyiny 1duosnuep Joyiny 1duosnuen Joyiny

1duasnuen Joyiny

WEALTY 4
of %,

SERVIC

A
u
Yeyvaaa

/ HHS Public Access

Author manuscript
Trangl Res. Author manuscript; available in PMC 2016 November 01.

Published in final edited form as:
Transl Res. 2015 November ; 166(5): 412-424. doi:10.1016/j.trsl.2015.06.005.

Immune-mediated Adverse Effects of Anti-CTLA-4 Antibody
Therapy in Metastatic Melanoma

Shannon K. Quirk, Anna K. Shure, and Devendra K. Agrawal
Center for Clinical & Translational Science Creighton University School of Medicine, Omaha, NE
68178 USA

Abstract

Ipilimumab, an antibody that blocks cytotoxic T lymphocyte-associated antigen-4 (CTLA-4;
CD152), was approved by the Food and Drug Administration (FDA) in 2011 for the treatment of
unresectable stage 111 or IV malignant melanoma. Although the addition of this particular
immunotherapy has broadened treatment options, immune-related adverse events (irAEs) are
associated with ipilimumab therapy, including dermatologic effects, colitis and diarrhea, endocrine
effects, hepatotoxicity, ocular effects, renal effects, neurologic effects, and others. In this article, a
critical evaluation of the underlying mechanisms of irAEs associated with anti-CTLA-4 therapy is
presented. Additionally, potentially beneficial effects of combinational therapies to alleviate
ipilimumab-induced irAEs in malignant melanoma are discussed. Future research is warranted to
elucidate the efficacy of such combination therapies as well as specific biomarkers that would help
to predict a clinical response to ipilimumab in patients with malignant melanoma.
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Introduction

Melanoma, an increasingly prevalent cutaneous malignancy, is projected to cause 9,710
deaths in the U.S. in 2014 (1). Whereas early-detected melanoma can generally be cured
with wide excision (and possibly a lymph node biopsy), advanced stages of melanoma often
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require systemic treatment. Hence, localized melanoma has a much more favorable five-year
relative survival rate (up to 98%) than regional melanoma (62%) and distant melanoma
(16%) based on the stage at diagnosis (1).

There are now several treatments for metastatic melanoma (2). First, there is chemotherapy
with dacarbazine or temozolomide. There is also targeted therapy with BRAF (VRAF
murine sarcoma viral oncogene homolog B) inhibitors (vemurafenib and dabrafenib), and
inhibitors of mitogen-activated protein kinase enzymes MEK1 and MEK2 (trametinib).
Lastly, there is immunotherapy with interferon (IFN)a-2b, interleukin-2 (IL-2), and an anti-
cytotoxic T-lymphocyte associated protein-4 (CTLA-4; CD152) antibody, ipilimumab.
Additional methods of immunotherapy include anti-programmed cell death protein-1 (PD-1;
CD279) antibodies, lambrolizumab (3,4), now known as pembrolizumab (MK-3475) (5, 6),
nivolumab (7, 8), as well as the anti-PD-1 ligand (PD-L1; CD274) antibodies, BMS936559
(9) and MPDL3280A (10). This review article primarily focuses on immunotherapy,
specifically with ipilimumab, and also discusses combinational therapies with several of the
agents discussed above.

Inhibition of Checkpoint with Antibodies against CTLA-4, PD-1, and PD-L1

Cellular mechanisms of action of CTLA-4

Anti-CTLA-4 antibodies augment tumor-specific cellular immunity by interrupting a
negative signaling mechanism that inhibits cytotoxic T cells. In order for a naive T cell to
become activated, two receptor-ligand interactions must occur (Figure 1). First, the T cell
receptor (TCR) binds to a major histocompatibility complex (MHC) molecule and an
antigen on an antigen-presenting cell (APC). Second, there must be a co-stimulatory signal
in the form of CD28 on the T cell interacting with B7.1 (CD80) and B7.2 (CD86) on the
APC. CTLA-4 serves as a checkpoint in the immune system by binding to B7.1 and B7.2
with greater affinity than CD28 (11). This in turn compromises the co-stimulatory signal
that must occur for a naive T cell to become activated, resulting in decreased IL-2 secretion
and decreased expression of the IL-2 receptor. Thus, anti-CTLA-4 antibodies act as
checkpoint inhibitors and better allow for the patient's own effector T cells to kill melanoma
tumor cells.

In addition to inhibiting this co-stimulatory signal, CTLA-4 is highly expressed on
regulatory T cells (Tregs), which serve to down-regulate cell-mediated immunity. For
example, the intratumoral ratio of effector T cells to Tregs with the use of anti-CTLA-4
antibodies has been investigated recently (12). Treatment with anti-CTLA-4 antibodies
increases the expression of effector and regulatory T cells in the lymph nodes. However, in
melanoma tumor lesions, anti-CTLA-4 antibody treatment depletes Tregs through an FcyR-
dependent mechanism, resulting in increased intratumoral Teff/Tregs (Figure 1). There is a
selective reduction in Tregs in melanoma tumors for several reasons. First, tumor-induced
regulatory T cells expressing CTLA-4 are abundant in the tumor microenvironment. Second,
a particular fragment crystallizable receptor (FCR) on macrophages within the tumor, called
FcyRIV, is involved in the depletion of these Tregs. Macrophages with FcyRIV interact with
anti-CTLA-4 antibodies, which bind to CTLA-4 on Tregs. Macrophages then deplete these
Tregs via antibody-dependent cell-mediated cytotoxicity (ADCC) (Figure 2). Therefore,
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future research is warranted to further evaluate and compare the tumor microenvironment in
malignant melanoma patients in order to predict the efficacy of anti-CTLA-4 treatment.
Tumors with increased macrophages, or macrophages with increased expression of FcyRIV,
could respond better to ipilimumab.

Cellular mechanism of action of PD-1, PD-L1, and PD-L2

PD-1 is similar to CTLA-4 in that PD-1 attenuates effector T cell responses. PD-1 finds
expression on activated T and B cells, Tregs, and natural killer (NK) cells (13). The primary
ligand for PD-1, PD-L1 (also known as B7-H1 or CD274), is found on activated immune
cells and tumor cells. A second ligand, PD-L2 (also known as B7-DC or CD273), is found
mainly on dendritic cells (antigen-presenting cells) and in a few tumor cell lines. When
PD-1 interacts with its ligands, pro-inflammatory cytokines are diminished (Figure 2).
Consequently, tumor cells expressing PD-L1 and PD-L2 have the ability to escape from host
immune responses (14).

Blockade of the interaction between PD-1 and its ligands has received much attention
recently in immunotherapy research. For example, phase | clinical trials involving
nivolumab (anti-PD-1, formerly known as BMS936558) (7, 8) and the anti-PD-L1
antibodies, BMS936559 (9) and MPDL3280A (10) have demonstrated longer-lasting
beneficial responses in patients with malignant melanoma, renal-cell cancer, and non-small-
cell lung cancer. Ongoing phase 111 trials with nivolumab continue to demonstrate durable
objective responses in patients with malignant melanoma (15). Furthermore, a phase | study
involving lambrolizumab (anti-PD-1, formerly known as MK-345, now known as
pembrolizumab) has shown a high rate of sustained tumor regression in malignant
melanoma, with primarily grade 1 or grade 2 toxic effects (3). Pembrolizumab (MK-3475)
has now been approved by the FDA for breakthrough therapy for malignant melanoma
based on several randomized clinical trials (5, 6). Further clinical trials are necessary to
elucidate the safety and efficacy of these antibodies, as well as the possibility of combining
them with ipilimumab, which will be further discussed in a subsequent section of this article.

Phase Ill Clinical Trials with Ipilimumab and Tremelimumab

There are currently two different anti-CTLA-4 antibodies: ipilimumab, an immunoglobulin
G1 (IgG1l) antibody, and tremelimumab, an 1gG2 antibody. Tremelimumab has been
effective against melanoma tumor cells in phase | and phase Il studies, with the most recent
phase Il study demonstrating a durable objective response rate of 6.6% in patients receiving
tremelimumab (16). However, a phase 111 study comparing tremelimumab to standard-of-
care chemotherapy failed to detect a significant advantage (17). Thus, continued research
will help to elucidate its potential role in treating malignant melanoma.

In 2011, the US Food and Drug Administration (FDA) approved ipilimumab for the
treatment of malignant melanoma in pre-treated and treatment-naive adult patients due to
increased survival in several phase 111 studies (18, 19). The MDX010-20 study compared
malignant melanoma patients in three treatment groups (18). A gp100 vaccine was given in
two of these groups because melanoma cells express this particular peptide, inducing an
immune response. The dose of ipilimumab was 3 mg per kg of body weight, every 3 weeks
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for up to 4 treatments. This is the dosage approved by the FDA. Whereas median survival
was only 6.4 months in patients given the vaccine alone, it was 10.1 months in the
ipilimumab alone group and 10.0 months in the ipilimumab plus vaccine group.

The second phase 111 study demonstrated 47% survival at 1 year in malignant melanoma
patients treated with ipilimumab (10 mg per kilogram) and dacarbazine (850 mg per square
meter of body-surface area), versus 36% survival in patients treated with dacarbazine (850
mg per square meter) and a placebo (19). It is important to note that the ipilimumab dose in
this second phase 111 study is significantly higher than the FDA approved dose in the first
study, which contributes to the differences in the severity of irAEs discussed in the
following section.

Immune-related Adverse Effects in Phase Ill Clinical Trials

Despite increased overall survival, both phase 11 studies involving ipilimumab reported
grade 3 or grade 4 immune-related adverse effects (irAEs) due to ipilimumab-induced
upregulation of the immune system. This scoring system is derived from the National
Cancer Institute's Common Terminology Criteria for Adverse Events. Whereas grade 3
indicates severe but not life-threatening events, grade 4 implicates life-threatening
consequences.

In the first study, irAEs were evident in 10% to 15% of patients treated with ipilimumab,
compared to 3% in the group that only received the gp100 vaccine (18). Of the 14 deaths
that were related to the study drugs (2.1%), 7 were associated with irAEs. The skin and
gastrointestinal tract were most commonly affected. Diarrhea occurred in 27-31% of patients
receiving ipilimumab. Pruritus, rash, or vitiligo occurred in 43.5% of patients.

Outcomes of these particular patients have recently been analyzed by a separate group of
authors (20). Of the patients eligible for analysis who received ipilimumab, 20% survived at
least 2 years and 16% survived at least 3 years. In these survivors, safety was comparable
with the overall study population, and irAEs generally subsided once treatment ended. With
the exception of one patient, the irAEs reported in 6 of 78 (8%) patients were grade 1 or 2.
Thus, new-onset long-term irAEs of ipilimumab therapy occur infrequently and are not as
severe as the short-term side effects.

In the second phase 11 study, grade 3 or 4 irAEs occurred in 56.3% of patients receiving
ipilimumab plus dacarbazine, versus 27.5% of patients receiving dacarbazine plus placebo
(19). Of note, this second study reports no drug-related deaths or gastrointestinal
perforations in patients who received ipilimumab plus dacarbazine. Furthermore, there was
more hepatotoxicity reported in this study (in approximately 20% of patients treated with
ipilimumab plus dacarbazine) and less diarrhea (approximately 2%). This may be due to the
fact that dacarbazine itself can cause hepatotoxicity, which can be further accentuated by
ipilimumab.
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IrAEs in Various Organ Systems

Since ipilimumab significantly enhances cytotoxic T cells throughout the body, autoimmune
toxicity can arise due to weakening of self-tolerance. As shown in Table 1, irAESs can arise
in the skin, gastrointestinal tract, endocrine system (in the form of hypophysitis and
thyroiditis), liver, eye, kidney, nervous system, pancreas, and others. Overall, irAEs have
been reported in up to 64% of patients receiving ipilimumab (21).

Therefore, it is important for clinicians to be aware of these potential complications, and
treat irAEs effectively with high-dose systemic corticosteroids and other
immunosuppressive agents. Although various review articles have detailed algorithms for
clinically managing irAEs (21-25), this review primarily focuses on the mechanisms behind
irAEs. Interestingly, the use of corticosteroids during ipilimumab therapy has not been
shown to adversely affect treatment outcomes (26). However, future research comparing the
anti-tumor response in patients requiring immunosuppressive agents vs. patients not
requiring immunosuppressive agents would help elucidate this point and further guide
clinical practice because the severity of irAEs may be related to the efficacy of ipilimumab
for that individual

Integumentary irAEs

Dermatologic involvement is fairly common with ipilimumab treatment and has been seen
in approximately 65% of patients (27). Rash is generally the first irAE to manifest, and it
usually appears after the first or second dose of ipilimumab, which correlates to about 2-3
weeks after starting treatment (23, 25, 28). This rash is different from rashes seen with other
anticancer agents, including erlotinib, cetuximab, panitumumab, vandetanib, and
pertuxumab (24). The rash with ipilimumab is usually maculopapular, erythematous,
reticular, and edematous with or without pruritus (21-24).

Pruritus associated with ipilimumab use is the direct result of CTLA-4 inhibition, resulting
in activation of the immune system, specifically amplified T cell recognition of self-antigens
(29). Histological analyses of the rashes have shown a perivascular lymphocytic and
sometimes eosinophilic infiltrate that extends into the epidermis (24, 25). There have also
been reports of Melan-A-specific CD8+ T cells infiltrating into the dermis (24, 30). In this
case, the rash was more pronounced around nevi, indicating that the inflammatory response
was directed against the melanocytes (24, 30).

The proposed mechanism for the appearance of the vitiligo after ipilimumab use is related to
activation of melanoma-associated antigen-specific CD4+ T cells and melan-A specific
CD8+ T cells as a result of the CTLA-4 blockade (31, 32). These cells target melanocytes,
causing vitiligo. On histology, the vitiligo rash shows polymorphonuclear cells and
deposition of antibody (33).

A combination of cutaneous and pulmonary sarcoidosis-type reaction after ipilimumab use
has been observed (34), which demonstrated a sarcoidal granulomatous dermatitis on
biopsy. Ipilimumab-induced sarcoidosis has also been described by other authors (35-38),
with skin and pulmonary lesions resolving or improving after discontinuation of ipilimumab.
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Sarcoidosis is an important adverse effect for clinicians to be aware of because it can mimic
tumor progression and distant metastasis (39, 40).

Currently, the mechanism for the sarcoidosis-type skin reaction is not completely
understood. However, it is known that sarcoidosis is a disease of Thl cells, activated
macrophages with elevated levels of IL-2, and interferon-y. Because CTLA-4 normally
reduces IL-2 production, the use of ipilimumab can be related to elevated levels of IL-2,
providing an explanation for this skin reaction.

Other less common skin reactions include Stevens-Johnson syndrome, prurigo, acneiform
rash, lichenoid exanthema, pyoderma gangrenosum-like ulceration, skin toxicity in areas
after radiation, photosensitivity reaction, a drug rash with eosinophilia and systemic
symptoms (DRESS) (22) and Sweet syndrome (41, 42). A single case of ipilimumab-
induced dermatomyositis has also been reported (43).

The rash related to ipilimumab use is usually not severe, with less than 3% of patients
experiencing severe reactions (27). Management for mild reactions includes the use of
topical corticosteroids such as betamethasone 0.1% cream with antipruritic agents including
polidocanol (32). For the more severe skin reactions, systemic corticosteroids such as
prednisone (1 - 2 mg/kg) may be necessary (31, 32).

Gastrointestinal irAEs

Especially in the first few months of treatment, colitis and diarrhea are the most common
irAEs reported with ipilimumab treatment, as demonstrated by a recent systematic review
article (44). In the first phase 111 clinical trial previously discussed, five of the seven deaths
due to irAEs occurred due to colitis/diarrhea (18). Therefore, this can be a very serious irAE,
particularly in rare cases in which perforation of the gastrointestinal tract occurs due to
excess inflammation of the colonic wall, as described in several cases requiring colectomy
due to severe perforation (45, 46).

Ipilimumab-induced colitis/diarrhea involves several underlying mechanisms, which could
not be prevented with prophylactic budesonide in a recent study (47). First, ipilimumab
treatment gives rise to altered levels of antibodies to enteric flora. Depending on the
particular antibody of interest, antibody titers were increased, decreased, or both. Second,
biopsies of patients receiving ipilimumab demonstrated increased infiltration of T cells into
gastric mucosa. Lastly, there were increased levels of fecal calprotectin, a biomarker of
inflammation derived from neutrophils. However, calprotectin levels did not prove to be a
reliable predictor of the onset of diarrhea/colitis in patients receiving ipilimumab. These
three different patterns of change were found to be distinct from that of inflammatory bowel
disease (IBD). Although the pathological mechanism differs, treatment for IBD and
ipilimumab-induced colitis is similar, involving corticosteroids and infliximab.

Other authors have suggested that ipilimumab causes colitis via depletion of Foxp3+ Tregs,
which diminishes the effectiveness of Tregs in down-regulating the immune response,
ultimately favoring gut inflammation (48). In patients receiving ipilimumab, Foxp3+ Tregs
accounted for only 0.2% of total CD3+ cells, whereas cytotoxic granzyme B+ T cells
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accounted for 81%. This alteration in the balance of effector and regulatory T cells favors
inflammation, which could help to explain the colitis and diarrhea.

A recent case report discusses the occurrence of ipilimumab-induced colitis in a patient who
acquired a diarrheal illness triggered by Salmonella enteridites (49). This case of colitis was
severe so ipilimumab had to be discontinued. Due to the temporal relationship between this
infection and the onset of colitis, there could be a causal relationship. Furthermore,
prophylactic antibiotics could potentially prevent the onset of colitis in patients receiving
ipilimumab. Because it is still unclear whether infectious or enteric bacteria play a role in in
onset of ipilimumab-induced colitis, more research in this area is needed.

Ipilimumab-induced colitis is treated via drug withdrawal and systemic corticosteroids that
must be slowly tapered per patient improvement. Infliximab, a monoclonal antibody against
tumor necrosis factor-alpha (TNF-a), can be used if systemic steroids fail to cause
improvement. It has been suggested that infliximab helps to reverse ipilimumab-induced
colitis by enhancing Foxp3+ regulatory T cells, thereby down-regulating the excess
inflammation associated with this particular irAE (48). This is a logical explanation based
on the mechanism of action of ipilimumab (Figure 2). Since ipilimumab-induced colitis has
been associated with ocular inflammation, it has been suggested that colitis patients should
have an eye evaluation (25).

It should also be noted that a rare gastrointestinal complication involves ipilimumab-induced
acute pancreatitis (21, 50).

Endocrine irAEs

A rare yet serious irAE associated with ipilimumab use is hypophysitis. It is one of the only
irAEs that is potentially irreversible (25, 51). Hypophysitis has been found to occur in less
than 5% of patients treated with ipilimumab (52, 53). However, it has been seen in up to
17% of patients treated with escalating doses of ipilimumab (54). It usually develops within
7-12 weeks after starting treatment (28, 32, 52, 55, 56). It presents with headache, visual
changes, fatigue, weakness, anorexia, nausea, loss of libido, labile moods, insomnia,
temperature intolerance and hyponatremia. These symptoms are the result of the enlarged
pituitary gland causing a mass effect and hormonal deficiencies that result from damage to
the pituitary gland (32, 52, 57, 58).

The diagnosis of hypophysitis is made from clinical, laboratory and radiologic data.
Laboratory tests may show altered levels of adrenocorticotropic hormone (ACTH), cortisol,
thyroid stimulating hormone (TSH), free thyroxine (T4), growth hormone (GH), prolactin,
insulin-like growth factor-1 (IGF-1), follicle stimulating hormone (FSH), luteinizing
hormone (LH) and electrolytes (25, 59). This in turn can lead to secondary adrenal
insufficiency, hypothyroidism or hyperthyroidism, and hypogonadism. Gadolinium contrast
enhanced magnetic resonance imaging (MRI) will usually show symmetric enlargement of
the pituitary gland, thickening of the infundibulum and homogenous enhancement (58, 60,
61). Imaging is important when a patient presents with signs of possible hypophysitis in
order to rule out brain metastases or pituitary adenoma, which could present similarly (61).
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It is also important to distinguish hypophysitis from non-secreting pituitary adenoma as this
condition may be treated with surgery while hypophysitis is not (60).

A recent murine study shows significant progress in elucidating the mechanism of action of
the damage (52). Because CLTA-4 antigen is expressed in pituitary tissues, these authors
have proposed a type 2 hypersensitivity reaction as a cause of damage to the pituitary gland.
Upon administration of ipilimumab, immune complexes are formed in the pituitary
containing CTLA-4 antigen and CTLA-4 antibody. There is subsequent binding of
complement component C1q to the Fc (Fragment, crystallizable) region of the CTLA-4
antibody and activation of the classical complement cascade, leading to the production of
C3, C3d, C4d, recruitment of additional inflammatory cells and subsequent tissue damage.
Further evidence to support this hypothesis is that patients treated with tremelimumab, of the
1gG2 subclass, do not develop hypophysitis as often as those treated with ipilimumab, of the
IgG1 subclass. 1gG1 is known to activate the classical pathway more potently than 1gG2.
Therefore, the ability to fix complement plays a significant role in the development of
irAEs.

Treatment for hypophysitis may include high dose corticosteroids such as dexamethasone
(25), however a recent study reported no improvement with corticosteroids in the clinical
outcome (62). However, all patients require corticosteroid replacement but the controversy
is whether high-dose steroids are beneficial. Therefore, the impact of corticosteroids on the
treatment of ipilimumab-induced hypophysitis deserves further investigation due to this
conflicting evidence. Finally, hormone replacement is often necessary and may be required
long term as the pituitary damage may be permanent (25).

In addition to hypophysitis, other aspects of the endocrine system, such as the thyroid gland,
can be affected. For example, in a comprehensive retrospective review, the overall incidence
of hypophysitis after ipilimumab treatment was 8%, and that of hypothyroidism or
thyroiditis 6% (63). When ipilimumab was combined with nivolumab (anti-PD-1), the
incidence of hypothyroidism or thyroiditis increased to 22%, and that of hypophysitis
increased to 9%. Not only has ipilimumab been associated with hypothyroidism, but
ipilimumab-induced Graves’ disease (involving hyperthyroidism) has also been described
(64). Therefore, thyroid hormone can be increased or decreased with ipilimumab treatment.

Rarely, ipilimumab-induced adrenalitis with primary adrenal insufficiency has been
observed as well (65).

Hepatic irAEs

Typically, hepatic irAEs are rare and not life-threatening. Ipilimumab-treated patients with
increased transaminase or bilirubin levels generally are asymptomatic and may show normal
liver imaging. In the first phase 11l clinical trial of ipilimumab, only 0.8% of patients
experienced elevation of aspartate aminotransferase (AST) and 1.5% of patients experienced
elevation of alanine aminotransferase (ALT) (18). The second clinical trial reported elevated
transaminase levels in approximately 33% of patients treated with ipilimumab plus
dacarbazine, possibly due to the liver toxicity associated with dacarbazine, as previously
mentioned (19).
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However, in a retrospective review of 11 malignant melanoma patients treated with
ipilimumab, 6 patients (approximately 55%) had elevated AST and ALT when treated with
the FDA-approved dose alone (66). Although the sample size of 11 is small, there is a
significant difference in the hepatotoxicity rate in this study compared to the study by Hodi
et al. (18). Therefore, depending on the patient population, the incidence of hepatic irAEs
can differ. Further studies should elucidate the variables that can cause such differences, and
clinicians should continue to monitor hepatic function during ipilimumab therapy.

Ipilimumab-induced hepatitis may either manifest as an acute hepatitis pattern, involving
damage to hepatocytes, or as a biliary pattern, involving damage to bile ducts (67). The
acute hepatitis pattern has been described as panlobular, with areas of necrosis as well as
perivenular infiltrate with endothelialitis. The biliary pattern primarily consists of bile
ductular proliferation of mononuclear cells and mild mixed portal inflammation.

Liver issues caused by ipilimumab are generally corrected easily, but it is important to note
that there has been a case of fulminant hepatitis causing mortality (68). Generally,
corticosteroids can be used to reverse ipilimumab-induced hepatitis, similar to other irAEs.

Ocular irAEs

Renal irAEs

Ipilimumab-induced ocular irAEs include Graves’ ophthalmopathy with normal thyroid
levels (64, 65), bilateral orbital inflammatory syndrome (71) and bilateral optic neuropathy
(72). Conjunctivitis, scleritis, and uveitis have also been described with ipilimumab
treatment (25). Ocular corticosteroid drops are usually used for treatment, unless the case is
severe enough to require systemic corticosteroids (73).

Renal involvement during ipilimumab treatment is rare. The two main types of ipilimumab-
induced renal damage are acute kidney injury due mainly to acute granulomatous
tubulointerstitial nephritis (21, 74-77) and lupus nephritis (78). Although the mechanism for
renal damage is not fully understood, the two proposed mechanisms of damage will be
discussed here.

The first mechanism involves renal damage by infiltration of inflammatory cells, involving
cell-mediated immunity presenting as interstitial nephritis (77). Several cases have shown
granulomatous interstitial nephritis on renal biopsy. Additionally, in this type of reaction,
there are often extra-renal manifestations such as rash, fever, lymphadenopathy, and
eosinophilia as seen in DRESS syndrome. Upon reporting a case of interstitial nephritis after
use of tremelimumab, researchers found it difficult to determine whether inflammatory cells
infiltrating the kidney were due to an immune reaction from drug antigens or due to a drug-
induced autoimmunity and loss of tolerance to self-antigens (79). Further research in
distinguishing the cause of inflammatory cellular infiltrates causing interstitial nephritis is
needed.

The second mechanism involves renal damage by an autoimmune reaction, which presents
as lupus nephritis (77). Circulating anti-double stranded DNA antibodies and glomerular
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IgG, C3 and C1q deposit in the kidneys causing damage (77). Renal biopsy in this case
shows lupus membranous nephropathy (77, 78).

Treatment for renal irAEs is early administration of corticosteroids (76, 77) and
discontinuation of ipilimumab as necessary (76). There is currently no grading system for
renal involvement like there is for other irAEs as renal involvement is a rare. However,
clinicians should continue to monitor kidney function while patients undergo ipilimumab
treatment.

irAEs associated with the nervous system

Ipilimumab-associated irAEs associated with the nervous system are very rare, with an
overall incidence of approximately 0.1% (27). Patients typically present with complaints of
headache, dizziness, lethargy, weakness, and neuropathy. The majority of these irAEs are
grade 1 or 2, and a wide spectrum of neurologic issues has been reported. For example,
cases have involved Guillian-Barré syndrome (80), meningo-radiculo-nevritis (81), cerebral
edema associated with convulsions/seizures in patients with brain metastasis (82), aseptic
meningitis with evidence of lymphocytosis in the cerebrospinal fluid (26), temporal arteritis
(68), posterior reversible encephalopathy syndrome (83) and peripheral neuropathy (84).
Tolosa-Hunt syndrome, which involves severe headaches, extraocular palsies, and
ophthalmoplegia, has been reported after Ipilimumab use (21). Several authors have reported
enteric neuropathy due to ipilimumab treatment (85, 86), and it is important to note that
occlusive enteric neuropathy may mimic ipilimumab-induced colitis (86).

Ipilimumab should be used with caution in patients with multiple sclerosis, because it can
cause clinical relapses in previously stable multiple sclerosis patients (87). Moreover, one
group of authors reported ipilimumab-induced chronic inflammatory demyelinating
polyneuropathy (CIDP), transverse myelitis (TM), and concurrent myositis and myasthenia
gravis—type syndrome in three different patients within 1 to 2 weeks of treatment (88). The
patient with TM improved with high-dose intravenous steroids, whereas those with CIPD
and myasthenia gravis-type syndrome improved with plasmapheresis. Another treatment
option for ipilimumab-induced neurologic irAEs involves intravenous immunoglobulin
(IVIG). Two cases of ipilimumab-induced myasthenia gravis have been recently described,
related to exuberant T cell activation by ipilimumab (89).

Opportunistic infections as irAEs

The first case of an opportunistic infection with Aspergillus fumigatus pneumonia in a
patient receiving ipilimumab has recently been reported (90). These authors also note that
other ipilimumab-induced opportunistic infections have occurred at their institution,
including Fournier's gangrene and cytomegalovirus viremia.

Hematological irAEs

Hematology-related irAEs include ipilimumab-induced pancytopenia (91),
thrombocytopenia (92), red cell aplasia (93), and autoimmune neutropenia and anemia (94,
95). Lastly, Hemopbhilia A has been acquired two months after the induction of Ipilimumab
therapy, as evidenced by the presence of factor VIII inhibition (96).
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The correlation between irAEs and tumoral response

Although all of these irAEs can be devastating, the tumor cells in patients with irAEs may
have an overall enhanced response to ipilimumab treatment. One study found that the
objective response rate in patients receiving ipilimumab and gp100 peptide vaccination was
36% among patients with grade 3 to 4 irAEs, compared to 5% in patients who did not
experience serious side effects (97). The specific reason behind this trend deserves further
exploration in the future.

Combination therapies

Due to the presence of these irAEs related to monotherapy with ipilimumab, there has been
much focus upon utilizing combinations of immunotherapeutic agents in order to enhance
different aspects of the immune response against melanoma tumor cells (Figure 2).
Employing therapeutic options with complementary roles continues to deserve further
attention.

Combining ipilimumab with nivolumab

A recent phase | clinical trial has found that combination therapy with ipilimumab and
nivolumab (an anti-PD-1 antibody) has resulted in increased tumor regression with a
manageable safety profile (53). This study consisted of two groups. In the concurrent-
regimen group, both drugs were received every 3 weeks for 4 doses, followed by nivolumab
alone every 3 weeks for 4 doses. Then both drugs were given every 12 weeks for up to 8
doses. In the sequenced-regimen group, nivolumab was given every 2 weeks for up to 48
doses in patients who had previously received ipilimumab. Whereas an objective response
occurred in 20% of patients in the sequenced-regimen group, an objective response occurred
in 53% of patients in the concurrent-regimen group, and tumors were reduced by at least
80%. This illustrates the fact that non-responders to anti-CTLA4 antibodies can still respond
to anti-PD-1 antibodies, but not as effectively as patients receiving combination therapy. It is
important to note that grade 3 or 4 adverse events occurred in 53% of patients in the
concurrent-regimen group, versus 18% in the sequenced-regimen group. Although these
adverse events were generally reversible with treatment, severe irAESs continue to be a
concern with this particular combination therapy.

Combining ipilimumab with IL-2
The combination of IL-2 with ipilimumab has been shown to be beneficial in mice with
melanoma in a recent study (98). Compared to a placebo or monotherapy, the growth of
melanoma tumors was significantly reduced with this combination therapy. The mechanism
behind this involves increased tumor-specific CD8+ T cells and decreased regulatory CD4+
T cells in the tumor microenvironment. It has been suggested that Tregs are redirected out of
the tumor and into nearby lymph nodes. This correlates with a previously discussed
publication (12). More research about the combination of IL-2 and ipilimumab in humans
deserves our attention in the future.
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Combining ipilimumab with granulocyte-macrophage colony-stimulating factor (GM-CSF)

In a recent phase |1 clinical trial, combining ipilimumab with sargramostim, GM-CSF,
lengthened overall survival and decreased treatment-associated toxicity (99). Whereas
44.9% of patients receiving combination therapy experienced grade 3 to 5 adverse events,
58.3% of patients receiving ipilimumab alone did. Gastrointestinal and pulmonary toxicities
were especially diminished with combination therapy. As of December 2012, median overall
survival for the combination therapy group was 17.5 months (versus 12.7 months for the
ipilimumab-alone group). However, there were no significant differences in progression-free
survival (PFS), possibly because treatment-induced inflammation at the tumor site may have
been misinterpreted as tumor progression. Although more research is needed regarding the
mechanism, possibilities include increased recruitment of dendritic cells and macrophages
and enhanced depletion of Tregs in melanoma tumors.

Combining ipilimumab with talimogene laherparepvec (T-VEC)

Recent research has focused upon the combination of ipilimumab with T-VEC, an oncolytic
vaccine derived from herpes simplex virus-1 (HSV-1) that is injected directly into
melanoma lesions. In a phase 111 clinical trial involving patients with stage 111B/C or IV
melanoma, biweekly intralesional T-VEC resulted in a 6 month durable response rate of
16.3%, versus 2.1% with the use of subcutaneous GM-CSF (100). Due to these results, a
phase 1b/2 study has investigated the utilization of T-VEC as a priming regimen when
added to ipilimumab in 18 patients (101). The combination of T-VEC and ipilimumab gives
rise to a higher overall response rate (56%) and complete response (33%) than either agent
alone. Grade 3 or 4 irAEs occurred in 3 patients. Phase Il trials involving this particular
combination therapy would be beneficial in the future.

Future directions

Overall, the recent use of ipilimumab is a groundbreaking development and provides
clinicians enhanced treatment options. However, the morbidity of irAEs associated with
ipilimumab therapy must be balanced against the mortality associated with malignant
melanoma. Because irAEs can be so detrimental, it would be helpful to know in advance
whether or not patients would respond favorably to ipilimumab before initiating therapy.

One manner in which to predict a beneficial response involves biomarkers. For example,
seropositivity for NY-ESO-1, a cancer/testis antigen that finds expression in some patients,
has been shown to increase the likelihood of clinical benefit following ipilimumab treatment
when compared to seronegative malignant melanoma patients (102). In seropositive patients,
clinical benefit to ipilimumab was more likely if patients expressed peripheral CD8+ T-cell
responses to NY-ESO-1.

A recent study found that lactate dehydrogenase (LDH) could also potentially be used as a
biomarker in order to predict clinical response to ipilimumab in advance (103). In patients
who received ipilimumab in the Netherlands and the United Kingdom, baseline serum LDH
was found to be the best predictor of overall survival. In patients with baseline LDH levels
more than twice the upper limit of normal, a long-term benefit with ipilimumab therapy was
less likely to occur.
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Malignant melanoma patients with certain genotypes have been found to respond more
favorably to ipilimumab than others. After analyzing 6 CTLA-4 single nucleotide
polymorphisms (SNPs) (—-1661A>G, —1577G>A, —658C>T, —319C>T, +49A>G, and
CT60G>A) in malignant melanoma patients, a recent study found that the —1577G/A and
CT60G/A genotypes had better overall survival and response to ipilimumab treatment (104).
Different SNPs alter CTLA-4 expression, so response to ipilimumab can differ depending on
the genotype. Of note, there was no correlation between SNPs and the frequency or severity
of ipilimumab-induced irAEs. One significant limitation to this study is related to the small
sample size of 14 Italian patients with malignant melanoma and 45 healthy controls. Further
research would be helpful in this field

Activating NRAS mutations, which are found in 15-20% of melanomas, have also been
studied in 229 patients with melanoma treated with immune therapies (IL-2, ipilimumab,
anti-PD-1 therapy, and anti-PD-L1 therapy) (105). Clinical outcomes were superior in the
NRAS-mutant cohort than other cohorts, as demonstrated by improved response to first-line
immune therapy, response to any line of immune therapy, clinical benefit, and progression-
free survival. This clinical benefit was particularly evident with anti-PD-1/PD-L1 therapy.

In a recent study, sequencing of the genomes of 64 patients treated with CTLA-4 blockade
(with ipilimumab or tremelimumab) was performed on melanoma tumors and matched
blood supplies (106). Whereas 11 of these patients had long-term clinical benefits from
therapy, 13 had minimal benefit or no benefit at all. A neoantigen landscape that was
specifically represented in tumors responding strongly to CTLA-4 blockade, and these
tumors elicited an antitumor response by the immune system that was further augmented by
CTLA-4 blockade. These findings were formulated in the discovery set of patients and
confirmed in a subsequent validation set of 39 patients.

Although biomarkers need validation in larger clinical studies, this recent focus upon pre-
assessment of patients in order to predict response to treatment is a positive development. In
the era of personalized medicine, biomarkers or specific patient characteristics should allow
more effective assessment of the risks and benefits of ipilimumab treatment.
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Figure 1.
Schematic diagram showing the generation of effector T cells and the killing of the tumor

cell. Normally, naive T cell differentiate into effector T cells in response to IL-2. Also,
antigen is presented to naive T cells by antigen presenting cell (APC) via MHCII and T cell
receptor and this process is enhanced by the interaction of co-stimulatory molecules
whereby CD28 molecule on T cells interacts with B7.1 (CD80) and B7.2 (CD86) on APCs,
resulting into the generation of effector T cells to kill tumor cells. However, CTLA-4 binds
with B7.1/B7.2 with greater affinity than CD28 and thus inhibits the differentiation of naive
T cells into effector T cells. Blocking CTLA-4 with anti-CTLA-4 antibody will allow CD28
to interact with B7.1/B7.2 to generate effector T cells and promote killing of tumor cells.
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Figure 2.
Effect of anti-CTLA-4 antibody and anti-PD1 and anti-PD-L1 on tumor cells. CTLA-4 is

highly expressed on T-regulatory cells (Tregs). Macrophages with FcyRIV interact with
anti-CTLA-4 antibodies, which bind to CTLA-4 on Tregs. Macrophages then deplete the
Tregs in the tumor via antibody-dependent cell-mediated cytotoxicity (ADCC) to increase
the density of effector T cells to kill tumor cells. PD-1 is similar to CTLA-4 in that PD-1
attenuates effector T cell responses. The PD-1 binds to it primary ligand, PD-L1 (also
known as B7-H1 or CD274). When PD-1 interacts with its ligands, pro-inflammatory
cytokines are diminished, facilitating tumor cells to escape from host immune response.
Blocking of either PD-1 by anti-PD-1 antibody or PD-L1 by anti-PD-L1 antibody would
enhance pro-inflammatory cytokines to facilitate killing of tumor cells.
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Immune-related adverse effects (irAEs) in various organ systems associated with ipilimumab treatment.

irAE Overall Incidence (27) | Incidence | Onset Basic mechanism or Treatment in addition to
of irAEs 2 associated findings discontinuation of
grade 3 ipilimumab
(27)

Dermatologic 65% <3% 2-3 weeks (28) | e Perivascular lymphocytic Topical corticosteroids

effects (primarily infiltrate into the epidermis with antipruritic agents.

involving a (24, 25). Systemic corticosteroids if
maculopapular * Melan-A-specific CD8+ T | necessary.

rash) cells into the dermis (24,

30).

« Sarcoidosis-type skin
reaction (34-38).

« Vitiligo (31, 32).

Colitis/diarrhea 33% 10% 6-7 weeks (28) | e Altered antibodies to Systemic corticosteroids.
enteric flora, T cell Infliximab if necessary
infiltration, and increased (48). Ocular evaluation
calprotectin (47). (25).

« Depletion of Tregs (48).
« Perforation of the
gastrointestinal tract is rare
(45, 46).

Endocrine effects <5% <3% 6-9 weeks (28) | e« Enlarged pituitary causesa | Systemic corticosteroids.

(hypophysitis, mass effect and hormone Hormone replacement

thyroiditis and deficiencies. therapy if necessary.

adrenalitis) « Hypophysitis may be due
to a type 2 hypersensitivity
reaction (52).
« Thyroiditis and
hypothyroidism (63).
« Graves’ disease
(hyperthyroidism) (69).
 Adrenalitis (65).

Hepatotoxicity <2% 1% 6-7 weeks (28) | Damage to the hepatocytes Systemic corticosteroids.
or to the bile ducts occurs
(67).

Ocular effects 1.3% 0.4% variable Graves’ ophthalmopathy Corticosteroid eye drops
(69,70); orbital and/or systemic
inflammatory syndrome corticosteroids (73).
(71); optic neuropathy (72);
and conjunctivitis, scleritis,
and uveitis (25).

Renal effects 6 reported cases (77) NA variable « Acute granulomatous Systemic corticosteroids.
tubulointerstitial nephritis
77).

« Lupus nepbhritis (77).
Neurologic effects 0.1% None variable Guillian-Barré syndrome Systemic corticosteroids.

(80); meningo-radiculo-
nevritis (81); cerebral
edema (82); aseptic
meningitis (26); temporal
arteritis (68); posterior
reversible encephalopathy
syndrome (83); peripheral
neuropathy (84); Tolosa-
Hunt syndrome (21); enteric
neuropathy (85, 86);
Multiple Sclerosis
exacerbations (87); and
chronic inflammatory
demyelinating
polyneuropathy (CIDP),
transverse myelitis (TM),
and myasthenia gravis-type
syndrome (88).

Possibly plasmapheresis, or
intravenous
immunoglobulin (IVIG).
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Note: Numbers in the parentheses show the reference number for individual studies and/or findings.
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