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The dawn of targeted treatment

ABSTRACT

During the past several years, targeted therapies have
significantly improved outcomes in advanced basal cell
carcinoma, psoriasis, and metastatic melanoma. This
article reviews how advances in our understanding of the
molecular pathogenesis of these diseases led to the de-
velopment of targeted therapies and how these therapies
are improving outcomes. Research is ongoing to address
continuing challenges of drug resistance, adverse effects,
and how best to use the new medications.

KEY POINTS

Vismodegib, an inhibitor of the “hedgehog” pathway,
dramatically shrinks basal cell carcinomas, but resistance
and adverse effects remain troublesome. Using it to
shrink tumors to operable size may be its best future role.

Th-17 cells and interleukin 17 are now thought to play
central roles in the pathogenesis of psoriasis. Clinical tri-
als of new drugs that block interleukin 17 show striking
improvement in skin manifestations with few side effects.
Benefits in psoriatic arthritis have not yet been shown.

About half of patients with melanoma harbor BRAF
mutations, and new treatments that target this pathway
have improved survival rates. For melanoma not involv-
ing BRAF mutations, a better understanding of how
tumors evade immune control has led to improved im-
munotherapies. These targeted medications mark the first
major advancements in metastatic melanoma treatment
in decades.
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EW, TARGETED THERAPIES are changing
N the way patients with advanced dermato-
logic diseases are treated. Innovative molecu-
lar biology techniques developed as far back
as the 1970s have engendered tremendous
insight into the cellular and molecular patho-
genesis of numerous diseases. Novel medica-
tions based on these insights are now bearing
fruit, as directed biologic therapies that are
revolutionizing clinical practice are increas-
ingly becoming available.

This article reviews advances in targeted
therapies for advanced basal cell carcinoma,
psoriasis, and metastatic melanoma.

I TARGETED THERAPY
FOR BASAL CELL CARCINOMA

Case 1. A 56-year-old man presents with a pro-
gressively enlarging leg ulcer. Although it has been
treated empirically for years as a venous stasis ul-
cer, biopsy reveals that it is basal cell carcinoma.
Imaging shows muscle and tendon invasion, mak-
ing surgical intervention short of amputation chal-
lenging (rGure 1). What are his options?

Basal cell carcinoma is the most common
cancer in humans, accounting for 25% of all
cancers and more than 2 million cases in the
United States every year. In most cases, surgi-
cal excision is curative, but a subset of patients
have inoperable, locally advanced, or meta-
static disease that drastically limits treatment
options. The median survival in metastatic
basal cell carcinoma is 24 months, and con-
ventional chemotherapy has not been shown
to improve the prognosis.!*?

In addition to the burden of sporadic basal
cell carcinoma, patients with the rare auto-
somal-dominant genetic disorder basal cell
nevus syndrome (Gorlin syndrome) develop
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FIGURE 1. Left, a large ulceration involving the right medial foot and ankle with nonin-

flammatory rolled borders. This ulcer was treated empirically for years as a venous stasis
ulcer until biopsy revealed it was, in fact, basal cell carcinoma. Right, sagittal T1-weighted
magnetic resonance imaging revealed invasion of mass into the anterior joint space and
soft tissues around the flexor digitorum tendon and neurovascular bundles (arrows).

PHOTO COURTESY OF ALLISON VIDIMOS, MD. MAGNETIC RESONANCE IMAGE COURTESY OF TODD STULTZ, MD, AND CLAUS SIMPFENDORFER, MD.

multiple basal cell lesions over their lifetime.
The syndrome may also involve abnormalities
of the skeletal system, genitourinary tract, and
central nervous system, including develop-
ment of medulloblastoma.

In Gorlin syndrome, basal cell carcinomas
occur often and early; about half of white pa-
tients with the syndrome develop their first
lesions by age 21, and 90% by age 35. The
lesions occur in multiple numbers and can
develop anywhere on the body, including on
non-sun-exposed areas. Patients who have
Gorlin syndrome need meticulous monitor-
ing every 2 to 3 months so that basal cell le-
sions can be recognized early and treated be-
fore they become locally advanced. Keeping
up with the numerous medical appointments
and invasive treatments can be physically and
mentally taxing for patients.

Specific pathway and mutations identified

In 1996, Gorlin syndrome was found to be
caused by mutations of the human homolog
of the PATCHED gene, which codes for a re-
ceptor in the “hedgehog” pathway.” Two years
later, the same mutations were found to be
involved in many sporadic basal cell carcino-
mas, and we now believe that at least 85% of
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basal cell carcinomas involve abnormal acti-
vation of hedgehog pathway signaling.*’

Vismodegib developed as targeted therapy
In 2009, Robarge et al® described a potent
inhibitor of the hedgehog pathway that was
later optimized for potency and desirable
pharmacologic traits, resulting in the drug vis-
modegib.”™®

Two phase 2 multicenter clinical trials
of vismodegib were published in 2012. In the
first, which was not randomized,” 33 patients
with metastatic basal cell carcinoma and 63
patients with locally advanced disease were
treated with vismodegib. Of those with met-
astatic disease, 30% achieved an objective
response. Of those with locally advanced dis-
ease, 43% achieved an objective response and
21% achieved a complete response.

In the second trial,'° patients with Gorlin
syndrome were randomized to either vismo-
degib (26 patients) or placebo (16 patients).
After 8 months, the vismodegib group had
developed significantly fewer new surgically
eligible tumors (2 vs 29 per year), their tumors
were smaller (change from baseline of the
sum of the longest diameters -65% vs —11%),
and they needed fewer surgeries (mean 0.31

9,10
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vs 4.4 per patient). No tumors progressed in
the treatment group. Results in some patients
were dramatic, with complete healing of large
ulcerative tumors. The trial was ended early
in view of significant efficacy in the treatment
group.

Based on these trials, the US Food and
Drug Administration (FDA) approved vismo-
degib for treating metastatic and locally ad-
vanced basal cell carcinoma.

Resistance and adverse effects common

Unfortunately, vismodegib has significant
drawbacks. About 20% of patients develop
resistance, with tumors recurring after several
months of therapy.!! Adverse effects most com-
monlyreported were muscle spasms (68%), alo-
pecia (63%), taste distortion (51%), weight
loss (46%), and fatigue (36%). Although
these effects were considered mild or moder-
ate, they tended to persist, and almost every
patient developed at least one. In the non-
randomized trial,” more than 25% of patients
discontinued treatment because of adverse ef-
fects, and more than half of patients did the
same in the basal cell nevus syndrome trial.!°

New uses may reduce shortcomings
Studies are under way to determine how best
to use vismodegib.

One possibility is to use the drug for a few
months to shrink tumors to the point that
they become eligible for surgery. This is espe-
cially important for high-risk tumors, such as
those near the eye or other vital structures. In
11 patients, Ally et al'? found that the surgical
defect area was reduced by 27% from baseline
after 4 months of treatment with vismodegib,
allowing for curative surgery in some.

Another option is to combine vismodegib
with other agents—either new ones on the
horizon or existing nonspecific medications.
For example, the antifungal itraconazole has
been shown to inhibit hedgehog signaling
and perhaps could be combined with vismo-
degib to increase response and reduce resis-
tance.

Finally, a topical or intralesional form of
vismodegib would be useful not only to reduce
systemic toxicity, but also to increase efficacy
when combined with other topical or systemic
medications.

FIGURE 2. Extensive involvement of the trunk with plaque

psoriasis, and the palms and soles with palmoplantar
pustulosis in a 28-year-old woman.

I TARGETED THERAPY
FOR PSORIASIS VULGARIS

Case 2. A 28-year-old woman presents with
worsening psoriasis. About 35% of her body sur-
face is involved, including the palms and soles,
making it difficult for her to perform activities of Results were

daily living (rcure 2). What are her options? dramatic, with

Psoriasis is a chronic immune-mediated disease |al'ge ulcerative
that affects up to 3% of people worldwide. In its tymors
moderate to severe forms, we recognize psoriasis

as a systemic inflammatory disease that may ad- completely
versely affect organ systems other than the skin. healing
Commonly associated comorbid diseases in-

clude inflammatory (psoriatic) arthritis, cardio-

vascular disease, malignancies (eg, lymphoma),

and inflammatory bowel disease. In addition,

patients are well known to have significantly

impaired quality of life because of low self-es-

teem, stigmatization affecting their social and

work relationships, and, in up to 60%, clinical
depression.”!* The onset of psoriatic arthritis,

particularly of erosive disease, is an important

decision point for starting aggressive treatment,

as joint destruction is irreversible.

Early targeted therapy

aimed at TNF alpha, IL-12, and IL-23
Histologically, psoriasis involves thickening
of the epidermis caused by hyperproliferation
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of keratinocytes. Based on this, prior to the
1980s, the dominant hypothesis concerning
its pathogenesis was that it was caused by an
inherent defect of keratinocytes. In the 1980s
and 1990s, however, molecular research re-
vealed that psoriasis was an immune-mediated
disease caused by immunologic dysregulation
predominantly involving T-helper 1 (Th-1)
cells, with the inflammatory cytokines tumor
necrosis factor (TNF) alpha, interferon gam-
ma, interleukin (IL) 12, and IL-23 playing
prominent roles.”” These findings led to the
development and FDA approval of the first
effective, targeted, psoriasis treatments, TNF-
alpha inhibitors and the IL-12/23 inhibitor
ustekinumab.

Etanercept, the first TNF-alpha inhibitor
to become available, was approved in 2004
for moderate to severe psoriasis. In 2008, the
IL-12/23 inhibitor ustekinumab was approved
for the same indication. These drugs are effica-
cious, are generally safe, and have revolution-
ized the treatment of psoriasis and psoriatic ar-
thritis, and they are now prescribed on a daily
basis.!®17

In the clinical trials that led to approval
of these drugs, the main outcome measure was
the Psoriasis Area and Severity Index (PASI),
a clinical scoring tool that assesses clinical as-
pects of psoriatic disease including body sur-
face area involvement, degree of thickness,
erythema, and scaling of psoriatic plaques.
PASI scores range from O (no psoriasis) to 72
(most severe psoriasis). Achieving “PASI 75”
indicates at least 75% improvement from the
baseline score and represents the most com-
mon primary outcome measure in clinical tri-
als assessing efficacy of new treatments. Up to
80% of patients who received currently avail-
able TNF-alpha inhibitors and ustekinumab
in pivotal clinical trials achieved PASI 75
when assessed at 12 to 16 weeks after starting
treatment. A moderate percentage of patients
(19%-57%, depending on the trial) achieved
90% improvement (PASI 90), and a minority
(up to 18%) achieved PASI 100, indicating
complete clearing of their psoriasis.!®**

Newly developed therapies target IL-17A
In the mid-2000s, Th-17 cells were discov-

ered, a new lineage of T cells distinct from
Th-1 and Th-2 cells. Th-17 cells are charac-
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terized by their production of IL-17, a pro-in-
flammatory cytokine with six family members
(IL-17A through IL-17F). Over the next few
years, experiments revealed that Th-17 cells
and IL-17A play key roles in psoriasis immu-
nologic dysregulation.!” These findings led to a
paradigm shift in hypotheses concerning pso-
riasis pathogenesis, with Th-17 cells and IL-
17 replacing Th-1 cells and associated cyto-
kines as dominant mediators of tissue damage.

Additionally, these findings led to new
ideas for treatment. Three monoclonal an-
tibodies that target IL-17 inhibition are cur-
rently under investigation. Secukinumab and
ixekizumab bind to IL-17A and inhibit it from
downstream signaling, whereas brodalumab
binds to the IL-17A receptor, blocking all six
IL-17 cytokines (IL-17A to IL-17F).”

Clinical trials of IL-17 inhibitors

show excellent skin improvement
Secukinumab. In 2014, the results of two
phase 3 trials of secukinumab were published.?

In the Efficacy and Safety of Subcutaneous
Secukinumab for Moderate to Severe Chronic
Plaque-type Psoriasis for up to 1 Year trial,**
patients were given either secukinumab 300
mg or 150 mg subcutaneously at defined time
points; 82% and 72%, respectively, attained
PASI 75 at 12 weeks.

Similar results were seen in the Safety and
Efficacy of Secukinumab Compared to Etan-
ercept in Subjects With Moderate to Severe,
Chronic Plaque-Type Psoriasis study,** in
which PASI 75 was achieved by 77% of pa-
tients receiving secukinumab 300 mg, 67% of
those receiving secukinumab 150 mg, and only
44% of those receiving etanercept 50 mg twice
weekly at 12 weeks. Rates of infection with
secukinumab and etanercept were similar.

The most striking results of these trials were
that more than half of patients receiving the
300-mg dose achieved at least 90% improve-
ment in their PASI score (PASI 90) by week
12, and in more than a quarter of patients the
psoriasis completely cleared (PASI 100). These
results were dramatically better than for etan-
ercept (PASI 90 21%; PASI 100 4%).

Additionally, secukinumab worked fast.
The median time to PASI 50 with secukinum-
ab 300 mg was less than half that seen with
etanercept (3 weeks vs 7 weeks).
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Ixekizumab. In 2012, a phase 2 trial evalu-
ated subcutaneous injections of ixekizumab
in dosages ranging from 10 to 150 mg at de-
fined intervals for 16 weeks.”” Of those receiv-
ing the highest dosage, 82% attained PASI
75 at 12 weeks, on par with what is noted
in patients receiving TNF-alpha inhibitors
and IL-12/23 inhibitors. Remarkably, how-
ever, almost three-quarters of patients (71%)
achieved PASI 90, and 39% achieved PASI
100. Improvement in psoriasis was apparent as
early as 1 week after injection.

Brodalumab. A 2012 phase 2 trial of vari-
ous dosages of the IL-17 receptor inhibitor
brodalumab?® also showed excellent PASI 75
achievement with the highest dosage (82%).
Astonishingly, though, PASI 90 was achieved
by 75% of patients, and PASI 100 by 62%.

Overall, although the percentages of pa-
tients achieving PASI 75 with the new IL-17
inhibitor drugs are comparable to those seen
with TNF-alpha inhibitors and 1L-12/23 in-
hibitors, the extraordinarily high percentages
of patients who achieved PASI 90 and PASI

100 are unprecedented.!$%

Arthritis improvement not shown

Where the IL-17 inhibitors eventually set-
tle within algorithms of psoriasis treatment
largely depends on their efficacy in treating
psoriatic arthritis compared with TNF-alpha
inhibitors and IL-12/23 inhibitors. Joint in-
flammation is typically evaluated with the
American College of Rheumatology (ACR)
scoring tool, which in simple terms can be
thought of as analogous to the PASI scoring
tool for the skin. Although the ACR scoring
tool was developed to assess joint inflamma-
tion in clinical trials for patients with rheu-
matoid arthritis, it is commonly used to assess
improvement of psoriatic arthritis in clinical
trials. The ACR tool involves assessing and
scoring the number of swollen and tender
joints, but also incorporates serologic assess-
ment of acute-phase reactants (erythrocyte
sedimentation rate or C-reactive protein lev-
el), patient and physician global assessment,
pain, and function. ACR 20 implies roughly
a 20% improvement in these criteria, whereas
ACR 50 indicates 50% improvement, and so
on.
Two phase 2 trials of IL-17 inhibitors for
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psoriatic arthritis have been published, one
with secukinumab?’ and one with brodalumab.?
Neither had impressive improvement in the
ACR score vs TNF inhibitors—39% for ACR
20 at week 12 and less than 10% for ACR 70.
Clinical trial design may have played a role,
and phase 3 trials are under way for all three

IL-17 inhibitors.

Adverse effects of IL-17 inhibitors

For the most part, adverse effects reported
with the IL-17 inhibitors have been mild and
similar to those reported with available bio-
logic treatments for psoriasis. Adverse effects
most commonly reported have been naso-
pharyngitis, upper respiratory infection, ar-
thralgia, and mild injection-site reactions. In
the future, attention will be paid to the rate of
infections known to be associated with IL-17,
mainly localized infections with Staphylococ-
cus aureus and Candida species. Some patients
have developed Candida esophagitis, but this
appears to resolve with discontinuation of the
drugs. Neutropenia has occurred, but very few
patients have developed grade 3 (500-1,000
cells/mm?) or worse. All adverse effects were
reversible with discontinuation of treatment.

Approval of secukinumab,

and current studies of IL-17 inhibitors

On January 21, 2015, secukinumab was ap-

proved by the FDA for treatment of moder-

ate to severe psoriasis vulgaris in adult pa-

tients and is now available by prescription.
More trials of IL-17 inhibitors for the

treatment of psoriasis and psoriatic arthritis

are under way and are at various phases at the

time of this writing.”

M TARGETED THERAPY
FOR ADVANCED MELANOMA

Case 3. A 58-year-old man presents with an
irregular pigmented lesion on his back. Biopsy
shows malignant melanoma with an intense,
chronic inflammatory infiltrate surrounding the
tumor (RGURE 3). The tumor was surgically ex-
cised with standard margins. Two years later, the
patient developed multiple pigmented lesions on
the face and complained of headache. Magnetic
resonance imaging of the brain revealed multiple
enhancing lesions consistent with metastatic mela-
noma (rGURe 3). What are this patient’s options?

VOLUME 82

e NUMBER 5

For the most
part, IL-17
inhibitors have
mild adverse
effects

MAY 2015 313



Despite 4
decades of
research, few
weapons were
developed to
treat melanoma

TARGETED TREATMENT IN DERMATOLOGIC DISEASES

until recently A

314

s

FIGURE 3. (A) A large, grossly irregular pigmented lesion on the back of a middle-aged

man. (B) A photomicrograph of an H&E-stained section (10X magnification) showing nests
of invasive melanoma extending into the reticular dermis (arrows), surrounded by a brisk
chronic inflammatory infiltrate (asterisks). (C) Two years after excision of the primary
tumor the patient presents with showering of metastatic melanoma foci involving the
forehead, cheek, and neck. (D) Transverse MRI section of the brain reveals multiple intra-
cranial foci of cortical, subcortical, and occasional deep white matter enhancement, some
demonstrating ring-enhancing features, representing metastatic melanoma.

Melanoma is the fifth most common cancer in
humans, with about 132,000 new cases diag-
nosed worldwide each year and 48,000 deaths
from advanced disease. Its incidence has risen
rapidly over the last few decades. Advanced

disease has a poor prognosis, with the median
overall survival less than 1 year and 5-year sur-
vival less than 10%.

Despite decades of research, a paucity of
FDA -approved medications were available to
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The MAPK pathway as a target of therapy for metastatic melanoma

Over 50% of metastatic melanomas have mutations in BRAF, which encodes a serine/threonine kinase that
functions within the mitogen-activated protein kinase (MAPK) pathway.

NORMAL

Cell proliferation

CCF
05

Mutations in BRAF result in constitutive activation of this pathway, which causes persistent cell pro-
liferation and tumor growth. New strategies to halt tumor growth include development of targeted
therapies that inhibit signaling at multiple points in this pathway, including BRAF, MEK, and ERK.

RTK = receptor tyrosine kinase.
FIGURE 4

treat advanced melanoma until recently. The
alkylating agent dacarbazine was approved
in 1975, interferon alpha in 1995, and high-
dose IL-2 in 1998. Although some patients
respond, studies have not shown significant
improvement in survival with any of these
medications.”?!

In 2002, Davies et al*? found that 50% to
65% of metastatic cutaneous melanomas have
a mutation in the BRAF gene. Interestingly,
80% of these patients share a single specific
mutation: substitution of glutamic acid for va-
line in codon 600 (BRAF V600E). The sec-
ond most common mutation is a single substi-
tution of a lysine for that same valine (BRAF
V600K). Additionally, NRAS is mutated in
about 20% of melanomas. These discoveries
implicated a mitogen-activated protein kinase
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MELANOMA

RTK \S I
rjy,_i .HII'rF!FEHﬂHFI'FH.'HH:’H‘H_IJ‘H}

RAS

mutation |

(MEK) (Ve

)
(ERK ) —=(ERKD
fabﬁm

=

4 Cell proliferation %

coF and tumor growth

Several
targeted

therapies

Medical Illustrator: Ross Papalardo

for melanoma

(MAPK) pathway (rGure 4) as playing a criti- haye heen

cal role in metastatic melanoma for a large
percentage of patients.”’

developed, and

Based on this knowledge, several targeted some approved

therapies for melanoma have been developed,
and some have been approved.

BRAF inhibitors—first success

against melanoma

Vemurafenib. In 2010, Flaherty et al** report-
ed on a phase 1 and phase 2 clinical trial of
vemurafenib (960 mg orally twice daily), a po-
tent inhibitor of BRAF with the V600E muta-
tion. They demonstrated a clinical benefit in
80% of patients with stage [V BRAF-mutant
melanoma, an unprecedented response that
opened the door to changes in the treatment
of metastatic melanoma.
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The phase 3 BRAF Inhibitor in Melanoma
(BRIM)-3 clinical trial,** published in 2011,
randomized 675 previously untreated patients
with advanced melanoma to either vemu-
rafenib 960 mg orally twice daily or dacarba-
zine, the standard of care. The trial was termi-
nated early when an interim analysis showed a
significant overall advantage for vemurafenib
(median progression-free survival 5.3 months
vs 1.6 months for dacarbazine). Based on
these results, vemurafenib was FDA -approved
in August 2011 for use in patients with BRAF-
mutant melanoma.

Dabrafenib. In a phase 3 clinical trial in
2012, Hauschild et al®® randomized 250 pa-
tients with BRAF (V600E)-mutated melano-
ma in a 3:1 ratio to receive either dabrafenib,
a more potent second-generation BRAF in-
hibitor, or dacarbazine. Half of patients re-
sponded to dabrafenib, with a significantly
improved progression-free survival rate (5.1 vs
2.7 months respectively), leading to FDA ap-
proval for its use in BRAF-mutant melanoma
in May 2013.

Adverse effects common to vemurafenib
and dabrafenib include rash, fatigue, fever,
and joint pain. In addition, up to 25% of pa-
tients develop multiple secondary cutaneous
squamous cell carcinomas and keratoacan-
thomas, usually within the first few months of
therapy, which are believed to be caused by
paradoxical activation of the MAPK pathway.

A more important problem with these
medications is the development of resistance.
Tumors typically progress again after a median
progression-free survival of 6 to 7 months.

MEK inhibitors—another line of defense
Inhibitors of MEK—a serine-threonine kinase
that is part of the same MAPK pathway in-
volving BRAF—have been developed as well.

Trametinib. In 2012, trametinib, an allo-
steric MEK inhibitor, was used in an open-la-
bel phase 3 trial in 322 patients with advanced
melanoma. Progression-free survival was
4.8 months for trametinib-treated patients
compared with 1.5 months for the standard
chemotherapy group (dacarbazine or pacli-
taxel).’® These results led to FDA approval of
trametinib in May 2013 for treating BRAF-
mutant melanoma.”’

Cobimetinib is a second MEK inhibitor

VOLUME 82 ¢ NUMBER 5

being evaluated alone and in combination
with other targeted treatments for advanced
melanoma.

Both MEK inhibitors have adverse effects
similar to those seen with the BRAF inhibi-
tors, including diarrhea, rash, fatigue, and
edema. They also tend to cause asymptomatic
elevated creatine kinase and transient reti-
nopathy, reduced ejection fraction, and ven-
tricular dysfunction. Unlike BRAF inhibitors,
they are not associated with development of
secondary cutaneous squamous cell carcino-
mas or keratoacanthomas. However, as with
BRAF inhibitors, resistance is a problem with
MEK inhibitors, with most patients relapsing
less than a year after starting therapy.

Combination therapy improves outcomes
Possible mechanisms underlying resistance
to these medications are being studied. A
number of important factors appear to drive
resistance, including expression of truncated
BRAF proteins that do not bind the BRAF in-
hibitors and still activate downstream signal-
ing, and amplification of BRAF to such a de-
gree that it overwhelms the medications. This
has led to the idea of combining BRAF inhibi-
tors and MEK inhibitors to block the MAPK
pathway at two points, potentially increasing
the response and decreasing resistance.

Two trials have evaluated combinations of
BRAF and MEK inhibitors in patients with
advanced melanoma. Larkin et al*’ conducted
a phase 3 study evaluating combined vemu-
rafenib (a BRAF inhibitor) and cobimetinib
(a MEK inhibitor) vs combined vemurafenib
and placebo. Survival with the combination
therapy was 9.9 months vs 6.2 months with
the single treatment.

The incidence of serious adverse effects
was not significantly increased with the com-
bination therapy, and keratoacanthomas, cu-
taneous squamous cell carcinomas, alopecia,
and arthralgias were reduced compared with
the vemurafenib and placebo group.

Another trial® evaluating combined dab-
rafenib (a BRAF inhibitor) and trametinib (a
MEK inhibitor) vs combined dabrafenib and
placebo had similar findings: increased surviv-
al in the combined therapy group (9.3 months
vs 8.8 months) and lower rates of squamous
cell carcinoma (2% vs 9%).
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Blocking the recognition of tumor cells as ‘self’

Several new medications to combat advanced melanoma block the ability of tumor cells to evade the host's

immune system by manipulating signals at " checkpoints.”

Antigen-presenting cell

CD80

CD28  (TLA4

T cell

e

Tumor cell

PD-L1

T cell

l—% BMS-936559
. MEDI4T 36

Mivolumab,
paembrolizumab

Ipilimumab interferes with communication between antigen-

presenting cells and T cells by blocking the interaction

between CTLA-4 and CD80. CTLA = cytotoxic T lymphocyte

antigen; MHC = major histocompatibility complex;
TCR = T-cell receptor.

FIGURE 5

In January 2014, the FDA approved the
combination of BRAF and MEK inhibitors
for the treatment of BRAF-mutant metastatic
melanoma based on improved survival and
generally reduced adverse effects.

B IMMUNOTHERAPIES
FOR NON-BRAF MELANOMA

Although BRAF and MEK inhibitors repre-
sent tremendous advances, their use is lim-
ited to the approximately 50% to 65% of
patients with advanced melanoma who have
BRAF V600 mutations. For others, only the
traditional standard medications have been
available until recently.

Two of those standard FDA-approved
medications, interferon alpha-2b and IL-2,
represent immunotherapies. Interferon alpha-
2b up-regulates antigen presentation and in-
creases antigen recognition by T cells. Over-
all, about 20% of patients in clinical trials
have achieved responses.

IL-2 is a cytokine that increases T-cell
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Nivolumab and pembrolizumab interfere with communica-

tion between tumor cells and T cells by blocking the interac-

ligand 1.

tion between PD-L1 and PD-1. PD-L1 = programmed death

Medical Illustrator: Ross Papalardo

proliferation and maturation into effector T Cancer cells

cells. High-dose IL-2 has produced responses
in 15% of patients, with a durable complete
response in a small proportion.

Though success with these medications
was modest, the fact that some patients re-
sponded to them indicates that immuno-
therapy could be a viable strategy for treating

produce
proteins that
the immune
system should
recognize as

metastatic melanoma.*® This is underscored foreign

by the fact that some patients can mount an
adaptive immune response specifically di-
rected against antigenic proteins expressed
in their tumors, resulting in expansion of cy-
totoxic T cells and control or even elimina-
tion of the malignancy.®

Tumors manipulate

host immune checkpoints

Molecular biology has provided tremendous in-

sight into tumor immunology over the past sev-

eral decades, and we now recognize that a hall-

mark of cancer is escape from immune control.
Cancer cells contain a multitude of muta-
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tions that produce proteins that should be rec-
ognized by the immune system as foreign but
in most individuals are not. This is because T-
cell activity is down-regulated in cancer due
to cancer cells’ ability to manipulate the host’s
normal immunologic inhibitory pathways
critical for maintaining self-tolerance.

In general, T-cell activation is initiated
when an antigen-presenting cell presents an
antigen to a T cell in a major histocompat-
ibility complex-restricted manner. To prevent
T cells from being activated by self-antigens
and initiating autoimmunity, the interaction
between antigen-presenting cells and T cells
is regulated by checkpoints (rGure s5). First,
for an antigen-presenting cell/T-cell interac-
tion to result in T-cell activation, the T-cell
receptor CD28 must bind CD80 on the anti-
gen-presenting cell to drive a “positive” signal.
Early in the interaction, the T-cell receptor
CTLA-4 is up-regulated and competes with
CD28 for binding of CD80. If CTLA-4, and
not CD28, binds CD80, a “negative” signal is
sent to the T cell and down-regulates it, mak-
ing the interaction unproductive. Important-
ly, it is the CTLA-4:CD80 interaction that
appears to be crucial for the ability of tumors
to dampen T-cell responses to cancer cells.

Ipilimumab is a fully humanized monoclo-
nal antibody that binds to CTLA-4, blocking
its ability to bind to CD80 and thereby en-
hancing T-cell activation. In a phase 3 trial,
Hodi et al® evaluated its use in treating ad-
vanced melanoma, with some enrolled pa-
tients having failed IL-2 treatment. Patients
receiving ipilimumab with or without a glyco-
protein-100 peptide vaccine (gp100) had an
overall survival benefit of 10.1 months com-
pared with 6.4 months for patients treated
with gp100 alone. At 24 months, the survival
rate with ipilimumab alone was 23.5%, almost
double that of patients receiving gp100 alone.

Ipilimumab received FDA approval for
treatment of metastatic melanoma in March
2011. This, and the BRAF inhibitors, were
the first drugs approved by the FDA for the
treatment of advanced melanoma in more
than a decade.

Common adverse effects of ipilimumab
include fatigue, diarrhea, rash, and pruritus.
As expected, given its mechanism of action,
up to about 25% of patients experience severe
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autoimmune-related events that may variably
manifest as colitis, rash, hepatitis, neuritis, hy-
pothyroidism, hypopituitarism, and hypophy-
sitis. Another problem with this medication is
that a subset of patients do not respond.

Cancer cells disguised as normal cells
Cancer cells can also manipulate another im-
munologic checkpoint to evade attack by the
host immune system (rGure 5). Cytotoxic T
cells may recognize antigens on tumor cells and
become activated and primed to directly de-
stroy them. However, tumor cells, like normal
cells express the programmed death ligands
RTK-L1 and PD-L2. These ligands function to
bind to the PD-1 receptor on activated T cells
to indicate they are “self” and inhibit the cyto-
toxic T cells from destroying them.

Evasion of immune system attack by ma-
nipulating checkpoints involving CTLA-4
and PD-1 helps explain why malignancies can
seemingly be associated with brisk inflamma-
tory responses, such as the tumor in Case 3, yet
progress and eventually metastasize (FIGURE 3).

Two medications—nivolumab and pem-
brolizumab—have been developed in an at-
tempt to disrupt the ability of tumor cells to
trick the immune system into accepting them
as “self” by manipulating the PD-L1/PD-L2:
PD-1 interaction. Both drugs are monoclonal
antibodies that bind to PD-1 and, thus, effec-
tively block the ability of PD-L1 or PD-L2 on
tumor cells to bind these ligands and signal
to activated T cells that they are “self.” This
blocking allows T cells to then carry out their
killing of tumor cells they initially recognize
as foreign.

Nivolumab. In 2014, a phase 3 trial* com-
pared nivolumab and dacarbazine in patients
with untreated advanced melanoma with-
out a BRAF mutation. Objective response
rates were 40.0% in the nivolumab group vs
13.9% in the dacarbazine group. This trial was
stopped early because of significantly better
survival rates in patients taking nivolumab
compared with standard chemotherapy.

Interestingly, only 35% of patients who
responded to nivolumab had evidence of PD-
L1 expression on the surface of their tumor
cells as assessed by immunohistochemical as-
say. Regardless of PD-L1 status, nivolumab-
treated patients had improved overall survival
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compared with those treated with dacarba-
zine. The response rate with nivolumab was
only slightly better in the subgroup of patients
whose tumors expressed PD-L1 than in the
subgroup without PD-L1.

On December 22, 2014, the FDA granted
accelerated approval to nivolumab for the
treatment of patients with unresectable or
metastatic melanoma and disease progression
following ipilimumab treatment and, if BRAF
V600 mutation-positive, a BRAF inhibitor.

Pembrolizumab. Also in 2014, an open-
label, randomized, phase 1b trial of pembro-
lizumab treatment at two different dosage
schedules was conducted in patients with ad-
vanced melanoma that had become refractory
either to ipilimumab or a BRAF inhibitor.*!
Treatment with pembrolizumab had an objec-
tive response rate of 26% at both doses.

In September 2014, the FDA granted ac-
celerated approval for the use of pembroli-
zumab to treat patients with unresectable or
metastatic melanoma and disease progression
following treatment with ipilimumab or a
BRAF inhibitor.

Adverse effects of PD-1 inhibitors are sim-
ilar to those seen with ipilimumab, the most
common (occurring in at least 20%) being fa-
tigue, cough, nausea, pruritus, rash, decreased
appetite, constipation, muscle pain, and diar-
rthea. Serious effects from pembrolizumab (oc-
curring in at least 2%) were kidney failure,
dyspnea, pneumonia, and cellulitis. As seen
with ipilimumab, clinically significant auto-
immune adverse reactions occur with PD-1
inhibitors, including pneumonitis, colitis, hy-
pophysitis, nephritis, and hepatitis.
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Combination therapy under investigation
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static melanoma), metastases to distant sites,
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way looking at the combination of these two
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In summary, targeted treatments are chang-
ing the paradigm of how common dermato-
logic conditions associated with significant
morbidity and mortality are treated. Although
implementation of the above treatments into
everyday clinical practice is exciting, future
studies surrounding each are needed to address
unanswered issues, such as the optimal dos-

ing and treatment schedules in terms of both Hopefully,
disease response and inhibition of resistance, research will
optimal patient/disease characteristics for use, lead to better
and optimal drug treatment combinations.

In the meantime, basic research still utilizing targeted
classic molecular biology techniques to un- treatments

cover pathogenic disease mechanisms in even
more detail is ongoing and hopefully will lead
to development of even better targeted treat-
ments or even cures for these diseases. |
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