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ABSTRACT:
The aim of this publication includes the try to act

as intermediary to the readers, which should be able to un-
derstand:

· The description of the cancer immunotherapy
mechanisms in the context of current therapy decisions for
the treatment of cancer

· The including criteria for those patients with can-
cer who could be appropriate candidates for immunotherapy

· And to optimize patient outcomes by using best
practices to manage the adverse events associated with im-
munotherapy treatment

More than 15 promising immunotherapy approaches
being tested in clinical trials with appropriate patients and
colleagues for enrollment and peer-to-peer education pur-
poses, respectively.
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· Current Immunotherapy in Melanoma, Lung, and

Kidney Cancers
· Use of Ipilimumab in Metastatic Castration-Resist-
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· Pembrolizumab Safe and Effective in Patients With

Advanced Melanoma in a Phase I
· Dose-Escalation Study
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In this book chapter some important recent journal

articles regarding advances in immunotherapy for cancer
will be discussed. Topics include the role of the immuno-
therapy in melanoma, lung, and especially in kidney can-
cers, including discussion of the mechanism of action and
immune-related adverse events associated with checkpoint
blockade, CTLA-4 ( cytotoxic T-lymphocyte-associated
Protein 4 ) blockade in metastatic castration-resistant pros-
tate cancer, but also the use of PD-L1 ( programmed death-
ligand 1 ) expression as a predictive biomarker in multi-
ple tumor types.

An Overview of the actual Immunotherapy in
Melanoma, Lung, and Kidney Cancers

Immunotherapy has become an expanding focus of
cancer therapy and research in recent years. Since 2013
many article restart with a reviewing of the destinations
of the activity of cancer vaccines, which act by exposing
dendritic cells to an antigen, or set of cancer antigens,
along with an adjuvant, activating CD4+ T cells and, sub-
sequently, CD8+ T c cells. [1, 2] Unfortunately, cancer
vaccines have, to date, been somewhat disappointing in
their efficacy with very few objective responses. [3] The
only approved vaccine for cancer is sipuleucel-T, at this
time. This vaccine is approved for asymptomatic or mini-
mally symptomatic castration-resistant prostate cancer
based on demonstrating a significant improvement in over-
all survival in this setting but not response or progression-
free survival compared with placebo. [4] The MAGRIT
trial of the MAGE-A3, another cancer vaccine and its re-
sults in the adjuvant setting for lung cancer from another
phase III trial were reported. MAGE-A3 is a cancer-testis
antigen expressed in approximately one third of lung can-
cers. This largest phase III trial of a vaccine in non-small-
cell lung cancer (NSCLC), failed to demonstrate a signifi-
cant difference in the primary endpoint of disease-free sur-
vival. [5] The advent of immune checkpoint blockade,
which overcomes immune tolerance by enhancing the im-
mune response in the tumor microenvironment, has
reinvigorated the field of cancer immunotherapies, despite
the negative data seen from most of the cancer vaccine
studies. Two pathways have been effectively targeted:

1. The cytotoxic T-lymphocyte antigen 4 (CTLA-4)
and

2. The programmed cell death 1 receptor (PD-1) and
one of its ligands on opposing cells, PD-L1.

Several antibodies targeting these immune check-
points are in various phases of clinical development (Ta-
ble 1).

http://dx.doi.org/10.5272/jimab.2015214.926
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Anti–CTLA-4 Therapy
Ipilimumab is a monoclonal antibody against

CTLA-4. It has been approved for the treatment of meta-
static melanoma based on 2 registration trials. The first
trial included randomization of 502 treatment-naive pa-
tients to ipilimumab plus dacarbazine (DTIC) vs DTIC
plus placebo. The reported median OS was 11.2 months
with ipilimumab plus DTIC vs 9.1 months with DTIC
alone (P < .001). [6] The other trial included 676 HLA-
A*0201 - positive patients who had progressed on or dur-
ing previous therapy who were randomized in a 3:1:1 ra-
tio to either ipilimumab plus glycoprotein 100 peptide vac-
cine (gp100; n = 403) vs ipilimumab alone (n = 137) vs
gp100 alone (n = 136). [7] The median OS in each arm
was 10.0 months, 10.1 months, and 6.4 months, respec-
tively, which yielded a significant difference between
ipilimumab and gp100 (P < .001) and no significant dif-
ference between ipilimumab and ipilimumab plus gp100
(P = .76). There were registered immune-related toxicities,
such as colitis and dermatitis, which were frequent in these
studies and sometimes required management with corticos-
teroid or anti-tumor necrosis factor therapy. Autoimmune
inflammation of multiple tissues in the body has been dem-

onstrated, including hypophysitis, which can require life-
long pituitary hormone replacement. [6-8] Single agent
ipilimumab was also evaluated in a phase II trial of 61 pa-
tients with metastatic renal cell carcinoma (RCC) at 2 dif-
ferent dose levels - 1 mg/kg or 3 mg/kg every 3 weeks,
reporting an overall response rate (ORR) of 12.5% using
a more intense, continuous dose than scheduled and used
in melanoma. [9] However, this more intensive dosing re-
sulted in one third of the patients developing grade 3/4
immune-related adverse events. It should be noted that
ipilimumab is not currently under investigation in RCC,
due to the competitive development of multiple targeted
agents. A randomized, double-blind phase II trial of
chemotherapy plus ipilimumab given either concurrently
or in a phased manner vs standard chemotherapy in 204
patients with stage IIIB or IV NSCLC met its primary
endpoint of improved progression-free survival (PFS) by
immune-response criteria (P = .05) for the phased admin-
istration. The subset analyses revealed an OS benefit in
patients with squamous histology. [10] Ipilimumab is cur-
rently being evaluated in late-phase trials in lung [11, 12]
and prostate cancers. [13]

Table 1. Checkpoint Inhibitors

Agent Antibody type Target point Development / Phase

BMS 936559 Fully human, IG 4 PD-L1 Multiple tumors  - phase I

Ipilimumab Fully human, IgG1k CTLA-4 Melanoma – approved for unresectable or metastatic disease

NSCLC – phase III

MEDI-4736 Human engineered, PD-L1 NSCLC – phase III

IgG1k Colorectal – phase II

HNSCC – phase II

Multiple tumors – phase I/II

MPDL3082A Human engineered, PD-L1 NSCLC – phase III

IgG1 RCC – phase II

Bladder urothel cancer – phase II

Multiple tumors – phase I/II

MSB0010718C Fully human, IgG1 PD-L1 Multiple tumors – phase I/II

Nivolumab Fully human, IgG4 PD-1 Gliobastomamultiforme – phase III

HNSCC – phase III

NSCLC – phase III

Metastatic RCC – phase III

Melanoma – phase III completed

Pembrolizumab Humanized, IgG4 PD-1 Melanoma – for ipilimumab-naïve patients

phase III

For progression after ipilumumab and

BRAF-positive inhibitor aproved

Pidilizumab Humanized, IgG1 PD-1 Multiple tumors – phase I/II

Legend:
HNSCC - Head and neck squamous cell carcinoma; NSCLC - Non small cell lung cancer; RCC – Renal cell

carcinoma
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Anti–PD-1 Therapy
Antibodies that bind PD-1 and block the interaction

between PD-1 on T cells and PD-L1 on tumor cell surfaces
have demonstrated remarkable activity in several tumor
types including melanoma, RCC, lung cancer and
colorectal cancer (CRC), the last two are generally not
considered to be immunogenic. [14] In a heavily pretreated
population with NSCLC, a response rate of 17% was noted
in the early-phase trials of the anti-PD-1 monoclonal an-
tibody nivolumab. Its response durations lasting up to sev-
eral years and a median OS of 9.6 months. [14, 15] Grade
3 or higher toxicities were relatively minimal in compari-
son with those observed with ipilimumab, although there
were 2 deaths due to pneumonitis. Toxicities did not ap-
pear to be cumulative over time. Preliminary phase I data
of nivolumab combined with platinum-based chemo-
therapy reported response rates of 33% to 50%. [16] Large
phase III  tr ials are currently ongoing, comparing
nivolumab with Docetaxel in the second-line setting and
beyond. [17, 18] Rapid and durable responses to PD-1 in-
hibition have also been observed in melanoma with a 31%
ORR to nivolumab in phase I trials. 45% of those achiev-
ing response within 8 weeks of therapy. [19] Median du-
ration of response was 2 years. Some responses persist-
ing after discontinuation. Pembrolizumab, another anti-
PD-1 antibody, has shown objective response rates of 38%
by Response Evaluation Criteria in Solid Tumors
(RECIST) in a phase I trial among patients with melanoma.
[20] At the highest dose level (10 mg/kg every 2 weeks),
a 52% ORR was observed and grade 3/4 toxicities were
reported in 12.6% of patients. Previous treatment with
ipilimumab did not influence response rates or toxicities.
Pembrolizumab was approved in September 2014 by the
US Food and Drug Administration (FDA) for patients with
unresectable or metastatic melanoma who experienced dis-
ease progression following treatment with ipilimumab and,
in those patients with BRAFV600 mutations, following a
BRAF inhibitor. BRAF is a human gene that makes a pro-
tein called B-Raf. The B-Raf protein is involved in send-
ing signals inside cells, which are involved in directing cell
growth. In 2002, it was shown to be mutated in some hu-
man cancers. Early-phase studies of anti–PD-1 therapy
have also demonstrated ORR of 30% to 35% in RCC,
again with some responses appearing to be quite durable.
[8, 21] Phase III trials are currently ongoing [22-24] in-
cluding a potentially paradigm-changing, randomized
phase III trial comparing nivolumab vs everolimus in the
second-line setting with the primary endpoint of overall
survival. [25]

Anti–PD-L1 Therapy
Additional monoclonal antibodies against PD-L1

are in the early stages of clinical investigation. BMS-
936559 is a fully human monoclonal antibody that was
well tolerated in a phase I study with activity observed in
NSCLC and melanoma. [26] The most frequently observed
treatment related adverse events were fatigue, infusion re-
action, and diarrhea. MPDL3280A, an engineered PD-L1
antibody, has also demonstrated antitumor activity in

NSCLC (ORR: 22%), melanoma (ORR: 29%), and RCC
(ORR: 15%) across several dose levels. [27] Moreover,
there was a 36% response rate observed among tumors
positive for PD-L1 vs 13% in PD-L1-negative tumors. The
antibody appeared to be well tolerated with 13% of pa-
tients experiencing grade 3/4 treatment-related adverse
events. Another fully human antibody against PD-L1,
MEDI-4736, has recently entered clinical testing and dem-
onstrated antitumor activity in NSCLC, as well as head and
neck, pancreatic, and gastro esophageal cancers in a phase
I trial. It was well tolerated with 6% of patients experi-
encing grade 3/4 treatment-related adverse events. [28]

Combination Therapy with Immune Checkpoint
Inhibitors

Attempts to combine immunotherapies with tyro-
sine kinase inhibitors are ongoing, although they appear
hampered by high rates of hepatitis. [29] Wolchok and col-
leagues [30] evaluated the combination of nivolumab and
ipilimumab in metastatic melanoma. He demonstrated
more rapid responses with the dual immune checkpoint
blockade than with either agent used as monotherapy, with
approximately three quarters of responses occurring before
12 weeks.

The authors reported a 40% confirmed objective re-
sponse rate but did note that 53% of patients developed
grade 3/4 treatment-related toxicities. Responses correlated
with PD-L1 expression but not as strongly as seen in anti–
PD-1 monotherapy studies. Patients were randomized to
concurrent treatment with the 2 antibodies or 1 of 4 se-
quential cohorts of varying dose levels. Sznol and col-
leagues [31] presented updated survival data for the study
at the 2014 meeting of the American Society of Clinical
Oncology (ASCO). He reported unprecedented 2-year OS
rates of 88% in the cohort of patients receiving nivolumab
1 mg/kg and ipilimumab 3 mg/kg sequentially (n = 17) and
79% among patients receiving concurrent dual-antibody
therapy (n = 53). Other combinations of checkpoint block-
ade agents are being investigated, with preclinical work
indicating potential synergies of PD-1 blockade combined
with other immune checkpoint inhibiting antibodies tar-
geting LAG-3 and TIM-3. [32, 33]

Discussion
The growing role of the checkpoint inhibitors in the

practice of oncology is obvious. Many clinicians are aware
that previous immunotherapy approaches to cancer
therapy, such as vaccines, interleukin (IL) -2, and inter-
feron were met with limited success. The mechanism of
action of checkpoint blockade set them apart from the ear-
lier therapies targeting the immune system. The difference
is presented in the chronologic mechanism and differing
act places. A vaccine must rely on the patient’s endogenous
dendritic cells and prime them to start an immune response
with a target antigen. Cytokines such as IL-2 and inter-
feron-á, which have demonstrated dramatic efficacy in a
small percentage of patients with melanoma and RCC, in-
duce antitumor activity via T-cell activation. [34] Check-
point blockade works on the premise of an ongoing
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antitumor immune response that is impeded by various
molecular pathways known as immune checkpoints. Pre-
vious approaches to immunotherapy in cancer were for-
mulated on mounting an immune response whereas im-
mune checkpoint blockade act to facilitate a preexisting
immune response by eliminating inhibition.
Immunologically, the 2 approaches are actually quite dif-
ferent. Stimulating an antitumor immune response with a
vaccine causes immune cells, particularly T cells, to tar-
get and migrate to the tumor and, ideally, produce yet an-
other cytokine, interferon-γ. If interferon- γ is produced,
the tumor cells upregulate compensatory mechanisms, par-
ticularly expression of immune checkpoint ligands on
tumor cells and associated stromal cells in the tumor
microenvironment. Therefore, even if the vaccine works
optimally, the immune checkpoints will likely interfere
with the intended antitumor response. Hence,
thecheckpoint blockade has yielded superior objective re-
sponses in some cancers but not all cancers.

Activity of Immune Checkpoint Inhibitors across
Tumor Types

Some tumors, such as melanoma and RCC, seem to
be immunogenic in that they respond better than other
tumors to checkpoint inhibition and other immune-targeted
therapies such as high-dose IL-2. Based on data presented
at the 2014 ASCO annual meeting, many tumors that were
not considered immune responsive, such as pancreatic,
esophagogastric, head and neck, bladder, and lung cancers,
have shown responses to immune checkpoint blockade (i.e.
PD-1 and PD-L1 inhibition) in early-phase trials [28, 35-
43]. It is very interesting speculation on what may make
one cancer more immune responsive than another and why
we are now seeing evidence that cancers previously unre-
sponsive to other forms of immunotherapies are respond-
ing to these newer investigational immune checkpoint in-
hibitors. Some patients are clearly responsive and some are
not. The difference in response either between tumor types
or among patients within a specific tumor type is not
clearly understood. There is one global explanation that
has been discussed, and that is the notion that tumors with
a higher mutational rate, such as melanoma, are more re-
sponsive because there is a greater number of potential
neoantigens for the immune system to attack.

There are some data-some were presented at ASCO-
suggesting that patients with a higher mutation rate may
be more likely to respond. [44] At Johns Hopkins, Le and
colleagues found that, in patients with micro satellite in-
stable CRC, somatic mutations do seem to be responsive
to PD-1, whereas CRC in general does not respond well
to PD-1 blockade. So mutation rate might be an explana-
tion for that phenomenon. However, this would not explain
why kidney cancer, which has a much lower mutation rate
than melanoma, responds quite favorably to checkpoint in-
hibition. That question currently remains unanswered.
There are other cancers, such as small-cell lung cancer,
that have very high mutational rates. But there are very
few data on immunotherapy in small-cell lung cancer.
Reck and colleagues [45] evaluated ipilimumab plus

carboplatin/paclitaxel as first-line therapy in extensive-dis-
ease small cell lung cancer in a randomized phase II study.
They reported a significant improvement in immune-re-
lated PFS with a phased combination regimen compared
with control but no improvement in either PFS or OS.
However, there is an ongoing trial in the United Kingdom
of ipilimumab as maintenance after initial chemotherapy
in small-cell lung cancer. There are multiple groups try-
ing to start trials of PD-1 and PD-L1-related agents in
small cell lung cancer as well. It certainly would seem to
be a logical target.

Concerning other tumor types immune checkpoint
inhibitors have demonstrated antitumor activity. For in-
stance, it is expected that ovarian cancer would respond
well to these agents due to preclinical experience in ani-
mal models. [46] However, in the multicenter phase I trial
of anti–PD-L1 antibody BMS-936559, only 1 of 17 pa-
tients (6%) with ovarian cancer had a partial response and
3 (18%) had stable disease lasting 24 weeks or longer.
Thus, there did not appear to be a robust response in that
tumor.[26] Another example is prostate cancer, which has
generally been non responsive to checkpoint inhibition. In
the phase IB trial of the anti-PD-1 antibody nivolumab, 17
patients with metastatic castration-resistant prostate can-
cer were treated with no objective responses observed. [47]
The response rate to ipilimumab is a prostate specific an-
tigen response in the range of 10% to 20% at best.[48]
Thus, despite the presence of infiltrating lymphocytes as-
sociated with prostate cancer, it has demonstrated a dis-
appointing lack of response to immunotherapy with check-
point blockade. On the other hand, Muro and colleagues
[41] presented data from a phase Ib trial of 39 patients
with PD-L1-positive carcinoma of the stomach or gastro
esophageal junction treated with Pembrolizumab 10 mg/
kg every 2 weeks for up to 24 months. They reported an
ORR of 30% with the median response duration not yet
reached. Another way for the cancer immunotherapies is
to use them as initial therapy for many patients with vari-
ous cancers. Much of the data that have been published
or presented in tumors have been in the second line and
beyond, for example, the anti-PD-1 (nivolumab) and anti-
PD-L1 phase I data where all patients had at least 1 line
of treatment, typically 3 or 4. [26, 47] There are some data
that address that in the trial of nivolumab in kidney can-
cer, which was the dose finding trial presented by Motzer
and colleagues [49] at ASCO 2014. There was a small co-
hort of treatment-naive patients. And in that small cohort
of patients, the response rates appeared similar to what was
observed for treatment-experienced patients. So, this may
indicate that we will see responses in the first line.

Immune Checkpoint Inhibitor Response Charac-
teristics

It appears that several different tumor types may be
amenable to therapy with checkpoint inhibitors. Antitumor
responses with immunotherapy can be different than those
that we expect from chemotherapy and targeted agents,
and as a result, some trials have assessed immune-related
response criteria rather than RECIST. Do the immune-re-
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lated response criteria differ from standard RECIST, and
what advantages could we see for their use in immuno-
therapy trials? The first question with ipilimumab is the
phenomenon that when patients are treated with immuno-
therapy, the tumor may enlarge before it shrinks. This is
likely due to lymphocytic infiltration but is not yet fully
understood. The other event that may occur after initia-
tion of immunotherapy is the development of a new lesion.
With standard RECIST, the presence of a new lesion in-
dicates progression. In immune related response criteria,
emergence of a new lesion on imaging would not indicate
progression per se, unless there is a growth in the overall
tumor burden. This is due to the possibility of a subclini-
cal lesion that is not visible on initial imaging that be-
comes visible following immunotherapy due to increased
T-cell migration and infiltration.[50] With anti-CTLA-4
therapy, this scenario of progression prior to response is
fairly common, occurring 5% to 10% of the time. [51, 52]
The same phenomenon is observed with anti-PD-1 anti-
bodies although current data suggest that this occurs at a
lower rate than with anti–CTLA-4. [26, 53] So whether the
immune related response criteria will be as relevant in tri-
als evaluating PD-1 blocking agents is yet to be deter-
mined. How durable are the responses to the immune
therapy could be found in the FDA approval of both an
anti-PD-1 (Pembrolizumab) and an anti-CTLA-4 antibody
(ipilimumab) both in metastatic melanoma long-term data
can be accumulated on the stability of these responses. It
appears that an atypical response is often associated with
a long-term response in the ipilimumab data. And this has
not been addressed formally for PD-1-blockade agents.
However, an atypical response is potentially a prognostic
marker of durable response and a long-term outcome con-
sistent with stable disease over time.

Adverse Events Associated With Immune Check-
point Inhibitors

The 4 major adverse events for ipilimumab are re-
lated to inflammation. Dermatitis is fairly common but is
not typically dose limiting, and it can be managed with
either topical antihistamines or simply moisturizing agents.
Sometimes it does require some topical steroids. It is rare
to see grade 3/4 dermatitis, but it can occur. The more
common and more severe adverse event with ipilimumab
is colitis and requires aggressive management. It has led
to mortalities in some of the early ipilimumab trials. Grade
3/4 colitis is not particularly uncommon, and it is typically
treated with doses of intravenous steroids, which depend
on the severity of the colitis. The other adverse events that
are worrisome with anti-CTLA-4 are hepatitis and
hypophysitis. Hepatitis is usually asymptomatic and typi-
cally manifests itself as a lab abnormality. Hypophysitis,
inflammation of the pituitary gland, can present in a
number of ways. The more common presentation is a
steady onset of unexpected fatigue. This can be con-
founded by fatigue from the cancer so it can be difficult
to differentiate and attribute it to toxicity from the check-
point inhibitor. Hypophysitis can also present other ways,
for example, severe headache with visual changes, due to

the pituitary gland’s proximity to the optic chiasm. Finally,
men can present with new onset of impotence; new com-
plaints of sexual dysfunction in a patient being treated with
ipilimumab and doing well otherwise may be an early sign
of hypophysitis. It is also important to treat hypophysitis
aggressively because if it progresses, the patient can suf-
fer permanent deficits in the associated hormones and re-
quire lifelong replacement with adrenocorticotropic hor-
mones, thyroid hormones, and both glucocorticoids and
mineralocorticoids. These 4 major toxicities can also oc-
cur, to some extent, with anti-PD-1 and anti–PD-L1 anti-
bodies. In general, the colitis is far less common, but
hypophysitis, hepatitis, and occasionally dermatitis have
been observed. In general, the magnitude of the adverse
events with anti-PD-1 blockade, both nivolumab and
Pembrolizumab-and even from the anti-PD-L1 agents,
MPDL3280A and MEDI3476-have generally appeared to
be less severe. The phase I data have been presented for
both Pembrolizumab [54] and nivolumab. [47] Both of
these have a grade 3/4 adverse event rate that appears to
be statistically significantly lower than that of ipilimumab
(10% to 15%  [54, 55] vs 20% to 30%, [7] respectively).
The data that are emerging from ASCO seem to indicate
that the anti-PD-1 agents as well as MPDL3280A [27] and
MEDI4736 [28] appear to carry a fairly low rate of grade
3/4 adverse events. So one could conclude with some de-
gree of confidence that the overall rate of these grade 3/4
toxicities will be significantly less with the anti-PD-1 and
anti-PD-L1 agents than with anti-CTLA-4 agents. How-
ever, we still await the release and publication of larger
phase III data sets to reach a definitive conclusion about
the adverse event rates in a broader patient population. Al-
though, anecdotally, it does appear that the anti-PD-1
agents are slightly better tolerated and easier to adminis-
ter. The manufacturers of these agents have generated al-
gorithms that are used on the trials and that will be avail-
able if and when these agents are approved to manage
these associated toxicities. These algorithms are a very
important and useful tool when administering these agents
and managing their respective toxicities.

Potential Combination Strategies to Enhance Im-
mune Checkpoint Inhibitor Activity

Although monotherapy with checkpoint inhibitors
is showing activity in many different types of tumors, there
appear to be other tumor types that are not responding.
There may be potential strategies to stimulate the response
to checkpoint inhibitors in tumors that have been either
modestly or relatively not immunogenic. A potential so-
lution therefore might be to combine checkpoint inhibi-
tion with other therapy modalities. The example of pros-
tate cancer that we mentioned earlier, combining check-
point inhibitors with hormonal therapy, androgen ablation,
which decreases the tumor volume, may lead to a pro
immunogenic release of antigens.

Another option would be to combine checkpoint
blockade with a vaccine and there are some trials ongo-
ing using this approach. [57, 58] A third approach is the
combination of radiotherapy with immunotherapy. Radia-
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tion therapy also leads to pro immunogenic antigen release
in addition to reducing tumor burden which mitigates tol-
erance. There have been preclinical data to support this ap-
proach in animal models but it has not yet reached the
clinical trial phase of investigation.[59] What about the tri-
als that are planned or ongoing that are combining cancer
vaccines with checkpoint inhibition. Weber and colleagues
[60] presented updated data from a phase I trial combin-
ing a peptide vaccine with PD-1 blockade in melanoma.
The study enrolled 90 patients with unresectable stage III
or IV melanoma, all had failed at least 1 previous therapy,
and they were either ipilimumab naive or ipilimumab ex-
perienced. The response rate for both ipilimumab-refrac-
tory and ipilimumab-naive patients by RECIST was 25%
with a median duration of response of 14.3 months. Un-
fortunately, the results did not yield the hoped-for
synergistic boost in response above the 20% to 30% typi-
cally seen for PD-1 blockade in melanoma. Of note, how-
ever, is that peptide vaccines are generally fairly weak
compared with some of the more modern vaccine tech-
nologies. In particular, Overwijk and colleagues [61] of the
University of Texas M. D. Anderson Cancer Center pub-
lished data suggesting that when a standard adjuvant is
used with a peptide vaccine, the protein and the antigen
are concentrated in a small focal area. T cells migrate to
that small focus where they may be sequestered and un-
dergo cell death rather than trafficking through the body
and attacking tumor cells. Thus peptide vaccines with a
standard depot oil emulsion plus adjuvant approach may
not be an effective way to test whether vaccines and check-
point blockade combine well. However, with the recent
FDA approval of Pembrolizumab and initial report of
phase III data for nivolumab, [62] I think there will be
many more opportunities to try more combination trials
with vaccines. Earlier results of studies combining 2
checkpoint inhibitors as in the dose-escalation phase I trial
by Wolchok and colleagues, [30] combining nivolumab
plus ipilimumab, appear to be very effective in patients
with advanced melanoma. A total of 53 patients received
concurrent therapy with the 2 antibodies, and 33 received
sequential therapy. Overall response rates for patients re-
ceiving ipilimumab alone were 7% and 28% for nivolu-
mab alone vs 53% in concurrent combination group. There
are trials that are further exploring this approach in ad-
vanced melanoma and other tumor types. Hammers and
colleagues [63] presented very similar data in patients with
metastatic RCC. The response rate to ipilimumab plus
nivolumab in kidney cancer appeared to be quite a bit
higher than either nivolumab or ipilimumab monotherapy.
[9, 47, 64] In the melanoma trial, [30] there were a fair
number of patients who responded quite rapidly, before the
first assessment, which was performed at 8 weeks. In the
RCC trial, [62] however, this was not the case, although
it was a small cohort from a phase II trial. In addition, the
toxicity in patients with RCC was at least on the same or-
der of magnitude and frequency as that reported in the
melanoma trials with grade 3/4 adverse event rates of 53%
in the melanoma trial and 29% to 61%, depending on the
dosing schema, in the RCC trial. This raises the question

of whether these sorts of regimens will be broadly appli-
cable in a community setting. Of note, in the presentation
by Hammers and colleagues, [63] it appears that the dose
of the anti-CTLA-4 is driving the toxicity. So with the dose
of anti–PD-1 nivolumab at 3 mg/kg and then the anti-
CTLA-4 ipilimumab at 1 mg/kg, there is significantly less
toxicity (29.0% grade 3/4) vs the opposite dosing scheme
of 1 mg/kg of nivolumab plus 3 mg/kg of ipilimumab
(60.9%). One way to mitigate some of the toxicity of that
combination in subsequent trials might be to use the lower
dose of ipilimumab. Also, the response rate was similar
between the 2 dosing schedules. What Motzer and col-
leagues [49] published about anti-PD-1 therapy is that glo-
bally dose does not significantly affect response.

But when anti-PD-1 and anti-CTLA-4 antibodies
are combined, the relative ratio of the 2 drugs can make a
substantial difference in terms of toxicity. So, this is some-
thing to be explored going forward.

Use of Ipilimumab in Metastatic Castration-Re-
sistant Prostate Cancer That Progressed After
Docetaxel

Study Design and study results
The article by Kwon and colleagues [48] describes

the randomized, double-blind phase III CA184-043 trial
that was designed to evaluate the use of ipilimumab fol-
lowing radiotherapy in patients with metastatic castration-
resistant prostate cancer that had progressed following
chemotherapy with Docetaxel. The rationale for this study
was that a ≥50% decline in prostate-specific antigen had
been observed in approximately 15% of patients in ear-
lier-phase trials using ipilimumab, which targets CTLA-4
and thereby inhibits tumor immune tolerance. [65] It had
also been noted that radiation therapy may synergize with
immune checkpoint inhibition via CTLA-4 and may lead
to increased tumor lymphocyte infiltration and the
abscopal effect, which is the systemic response to immune
therapy after local tumor radiation thought to be poten-
tially due to tumor antigen release. [59, 66-68] Approxi-
mately 800 men with castration-resistant prostate cancer
who had previously progressed on Docetaxel were
randomized in a 1-to-1 fashion between placebo and
ipilimumab 10 mg/kg intravenously every 3 weeks for up
to 4 doses, with a single 8-Gy dose of radiation therapy
to at least 1 bone lesion. Patients who had at least stable
disease were allowed to continue placebo or ipilimumab
maintenance at 10 mg/kg every 3 months until confirmed
disease progression, intolerance, or clinical decline. Ap-
proximately 28% of these men had visceral metastases,
and this was evenly distributed between the 2 groups. This
ended up being a negative trial by the primary endpoint
of OS. The median OS was 11.2 months for ipilimumab
vs 10.0 months for placebo, which closely approached sta-
tistical significance with a P value of .053. The PFS was
significantly improved with the addition of ipilimumab,
with an HR of 0.70 (P < .0001). Notably, the proportional
HRs were violated and the investigators performed a post
hoc analysis that demonstrated improved HRs in favor of
ipilimumab when the time from initiation of therapy was
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> 5 months. This post hoc analysis also demonstrated that
patients with less extensive disease-that is, those without
visceral metastases, those with low alkaline phosphatase
(< 1.5 x ULN), and those with hemoglobin concentration
≥ 110 g/L-benefited from ipilimumab, whereas those with
visceral metastases and those with more advanced disease,
overall, did not. The toxicities were approximately com-
parable with earlier trials of ipilimumab in prostate can-
cer and other tumor types. [65, 69-71] In this trial, diarrhea
was particularly prevalent with 16% of patients experienc-
ing grade 3 adverse events, and 4 patients died secondary
to ipilimumab-related toxicities. Although this was a nega-
tive trial, the findings of improved outcomes in a less ex-
tensive disease setting suggest that there may be a role for
ipilimumab in prostate cancer, and the upcoming results
of the ongoing randomized, double-blind phase III CA184-
095 trial investigating ipilimumab vs placebo in men with
metastatic, chemotherapy naive, castration-resistant pros-
tate cancer are anticipated. [13, 72] The treatment arms
were well balanced and the trial was representative of a
common patient population with few exclusion criteria.
Important to note is that the suggestion of efficacy in
smaller volume disease is supported by findings in meta-
static melanoma. [73] In terms of weaknesses, not all the
subgroup analyses were pre specified, and thus the results
that suggest improved efficacy of ipilimumab in less ex-
tensive disease are hypothesis-generating only. The ration-
ale for the chosen dose of 10 mg/kg was not specified in
this paper. Notably, the dose used in melanoma is lower,
at 3 mg/kg. And, lastly, this trial did not address the role
of radiation in this population in combination with
ipilimumab, and potential synergies with ipilimumab were
not specifically addressed.

Discussion: Disease Characteristics and Out-
comes

In this trial, patients with less extensive disease ap-
peared to benefit whereas those with more advanced dis-
ease did not. All of these patients had metastatic castra-
tion-resistant disease that had progressed on chemotherapy.
They all had a good performance status-Eastern Coopera-
tive Oncology Group 0 or 1.

Thus, they were all at a fairly similar stage in the
timeline of their disease. It is to emphasize that the dif-
ferences in the characteristics that came out in the sub-
group analysis do not indicate earlier vs more advanced
stage disease, but rather the aggressiveness of the tumors.
For instance, lower hemoglobin and visceral metastases are
characteristic of a more aggressive biology, perhaps even
a different phenotype. My overall hypothesis is that in the
setting of prostate cancer with visceral involvement, there
is a systemic release of anti-inflammatory or immunosup-
pressive cytokines,  such that the patient’s
microenvironment or systemic milieu is rendered anti-in-
flammatory or less amenable to an immune response. Spe-
cific cytokines that may be involved in this process include
TGF-β, IL-8, IL-6, and tumor necrosis factor-α. My col-
leagues and I are in the process of analyzing the cytokines
that are available from the serum samples from this trial

in order to determine if patients who had a high baseline
level of these immunosuppressive cytokines were ones
who failed to benefit. An important feature of this trial was
that it allowed enrollment of men with visceral metastases,
whereas all the other immunotherapy trials for castration-
resistant prostate cancer-the trial of sipuleucel-T, [4] the
ongoing trial of PROSTVAC [74] and even the ongoing
CA184-095 trial of chemotherapy-naïve treatment with
ipilimumab [13, 72] discussed above-did not enroll men
with visceral metastases. Based on the post hoc analysis
results, there are other biomarkers and patient selection
factors that would be incorporated to better identify which
groups of men with castration-resistant prostate cancer
may benefit  from ipilimumab. Excluding visceral
metastases would almost certainly have led to a positive
trial. But at the time the trial was designed, neither
abiraterone nor enzalutamide were treatment options,
hence the placebo as a comparator. Treatment options were
very limited for men when the disease progressed follow-
ing Docetaxel chemotherapy. One felts at the time that it
was important to include men with visceral metastases,
who had not been permitted to enroll on other trials in the
post chemotherapy setting. However, if I had to go back,
I would absolutely have excluded men with visceral
metastases. The updated OS from this trial were recently
presented at the 2014 European Society of Medical On-
cology (ESMO) annual meeting and indicated a 3-year sur-
vival rate of 12% among ipilimumab-treated patients vs
6% among the placebo group in the intent-to-treat popu-
lation with a median OS of 11.2 months and 10.0 months,
respectively (HR: 0.84; 95% CI: 0.72-0.98). [75] The data
that speak to that with higher patient numbers were pre-
sented by Schadendorf and colleagues [76] at the 2013
European Cancer Conference and involve a pooled analy-
sis from 2985 patients with melanoma treated with
ipilimumab in 12 retrospective and prospective phase II
and III trials, observing the long-term survival. Results
showed a flattening of the curve and 22% and 17% 3- and
7-year OS rates, respectively, which was quite compelling.
The follow-up survival data in prostate cancer presented
at ESMO demonstrate 2- and 3-year OS rates in prostate
cancer of 25% and 12%, respectively. [75] These data cor-
roborated those shown with melanoma.

Patient Selection and Immune Checkpoint In-
hibitors

In terms of patient selection and tumor types be-
yond prostate cancer, there are clinical characteristics or
biomarkers that would help us identify patients who may
be more likely to benefit from CTLA-4 inhibition. It is
likely that the same characteristics that predict response
to anti-PD-1 and anti-PD-L1 will also help predict re-
sponse to anti-CTLA-4. Tumors that are infiltrated with
CD8+ cells which are dividing and producing effectors
cytokines are primed to respond to checkpoint blockade.
So, how can be this measured. Production of interferon-ã
from the infiltrating CD8+ cells leads to up regulation of
PD-L1 on the tumor cells and in the microenvironment.
Hence, PD-L1 will likely be a reasonable marker for re-
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sponse to CTLA-4, as well. The challenge is obtaining a
biopsy that can be adequately analyzed by immunohisto-
chemistry for these types of markers. This will need to be
resolved to effectively apply these markers in clinical prac-
tice. Data have also been shown with other checkpoint in-
hibitors, such as nivolumab, Pembrolizumab, MEDI4736,
and MPDL3280A demonstrating the predictive ability of
PD-L1 expression. [27, 28, 47, 77-79] This lends further
support to the idea that tumor inflammation and infiltra-
tion with CD8+ T cells holds across different checkpoint
inhibitors. There are some immunochemistry and other
biomarkers for anti-PD-1/anti-PD-L1 therapy that appear
promising.

There are multiple competing assays available with
varying levels of sensitivity and specificity due to differ-
ent staining protocols and different antibodies.  A
biomarker that could be widely used in trials would require
a more standardized assay, either developed globally to be
used across multiple trials, or developed by one company
to be used as a companion diagnostic. However, it is im-
portant to note that the response rate in PD-L1-negative
patients is never zero. In all of the trials that have evalu-
ated this, the response rate in PD-L1-negative tumors is
in the range of approximately 10% to 15% for checkpoint
inhibitor monotherapy. Going forward, having a standard-
ized test is the only way it can be used as a predictive
biomarker. And even then some of the PD-L1-negative
tumors will respond to checkpoint inhibition, so how to
manage this in the clinical setting is yet to be determined.
The next questions are how we can better identify patients
who may have an unfavorable risk-to-benefit ratio to
checkpoint inhibitors, aside from a history of autoimmune
disease, and as a follow-up, are there autoimmune diseases
in which you would still feel comfortable administering
checkpoint inhibitors. Some of the trials that have been
running for a long time broadly excluded previous
autoimmune disease in general. However, particularly with
the PD-1 and PD-L1 agents, these checkpoint inhibitors
appear to be less toxic and some autoimmune disease can
be permitted. For instance, many patients have had some
history of some type of psoriasis in their lifetime. And as
long as this is not a severe steroid-requiring psoriasis, they
will likely be able to be treated successfully. And one
needs to consider the degree to which arthritis is inflam-
matory vs osteoarthritis. If a patient has been receiving
immunomodulatory agents for arthritis, then they defi-
nitely need to be excluded. So the entry criteria for PD-1
and PD-L1 inhibitors are likely to expand going forward.
And autoimmune disease may be less of a clear exclusion
criterion in clinical practice.

Future Directions with Immunotherapy in Pros-
tate Cancer

The phase III CA184-095 trial of ipilimumab in pa-
tients with chemotherapy-naive, metastatic, castration-re-
sistant prostate cancer is currently ongoing and excludes
patients with visceral metastases. [13] The initial results
of this very interesting trial will be presented sometime in
2015. If the difference between success and failure in the

CA184-043 trial was the patients with the visceral
metastases, then one can anticipate that the CA184-095
trial will, in fact, be positive. However, there is no way to
know with absolute certainty. For instance, one drug that
was felt to be very promising for prostate cancer by many
investigators, cabozantinib (XL184), recently failed in a
phase III trial that enrolled men with castration-resistant
prostate cancer who progressed after Docetaxel as well as
abiraterone and/or enzalutamide; these results have not
been presented yet. So, although the inclusion of patients
with visceral metastases is a good explanation for the lack
of success of ipilimumab in the post chemotherapy setting,
we will not know for sure until the results of the CA184-
095 trial are reported. Another factor to consider with the
CA184-095 trial is that it was started before the approv-
als of abiraterone and enzalutamide. So there is a possi-
bility that post hoc or post treatment usage of abiraterone
and enzalutamide in this setting could complicate the re-
sults of this trial. Thus prostate cancer, perhaps unlike
some of the other cancers, absolutely requires a combina-
tion approach. However, despite that, there have been some
case reports of prostate cancer that have had impressive
responses to immunotherapy. Graff and colleagues [80]
reported a complete response to sipuleucel-T in a patient
treated with enzalutamide. The same group also reported
a patient treated with ipilimumab who had a complete re-
sponse. [81] Thus, in prostate cancer, there are a select few
individuals who are likely to respond to monotherapy, but
in general, the combination approach will be optimal in
this tumor. Also, the radiation therapy may still be a vi-
able approach. Moreover, the dose and schedule of radia-
tion that is optimal to prime an immune response has yet
to be elucidated. The single 8-Gy dose is one palliative
regimen that is used somewhat commonly. However, there
are other palliative regimens such as 6 Gy x 5, 9.5 Gy x
3. [82] Some institutions will use a single stereotactic dose
of 20 Gy for select patients with oligometastatic disease.
[83] So what is the exact dose of radiation that would com-
bine optimally with blockade of either PD-1 or CTLA-4?
This has been an open clinical question, and further in-
vestigation is warranted to advance the treatment of meta-
static prostate cancer.

Pembrolizumab Safe and Effective in Patients
with Advanced Melanoma in a Phase I Dose-Escalation
Study

Study Design and results
Hamid and colleagues [20] evaluated the safety and

efficacy of Pembrolizumab in a phase I dose escalation
trial. In total, 135 patients with metastatic or locally ad-
vanced melanoma who had progressed following previous
treatment with ipilimumab or up to 2 previous systemic
regimens were administered Pembrolizumab 10 mg/kg ei-
ther every 2 weeks or every 3 weeks or, for advanced
melanoma, 2 mg/kg every 3 weeks. Treatment continued
until disease progression, unacceptable toxicity, or with-
drawn consent. Those who experienced disease progres-
sion at the first evaluation were allowed to continue treat-
ment until confirmatory imaging was performed at least 1
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month later. The rationale behind this trial was that no
standard of care treatment option was available for patients
with advanced melanoma who had progressed on
ipilimumab, and BRAF/MEK inhibitors, if BRAF mutated.
Pembrolizumab, formerly known as lambrolizumab or
MK-3475, is a monoclonal IgG4ê antibody against PD-1.
There was previously a dose escalation study of
Pembrolizumab in multiple solid tumors to 10 mg/kg every
2 weeks that was reported separately, [84] followed by the
expansion cohort of patients with advanced melanoma re-
ported here as an open-label, multicenter phase I trial.[20]
Pembrolizumab, in previous reports from the phase I trial,
was well tolerated with relatively infrequent autoimmune
toxicity and had impressive and durable activity in a heav-
ily pretreated cohort of patients with metastatic melanoma.
The IgG4 immunoglobulin subtype does not activate com-
plement or bind Fc receptors, thereby avoiding cytotoxic
effects on T cells. In this study, there was a 37% ORR by
immune-related response criteria and 38% confirmed re-
sponse rate by RECIST across all tested doses.

There was no evidence of cross-resistance between
ipilimumab and Pembrolizumab as the response rates were
similar in the ipilimumab-naive and ipilimumab-experi-
enced cohorts. Responses were seen as late as 36 weeks
after initiation of therapy. Drug-related adverse events of
any grade occurred in 79% of patients and grade ¾ events
occurred in 13%. Toxicity included rare pneumonitis (all
< grade 3), rash (2% grade 3/4), diarrhea (1% grade 3/4),
fatigue (1% grade 3/4), and autoimmune hepatitis. In a fol-
low-up paper, Robert and colleagues [6] described an ex-
pansion cohort of patients with ipilimumab-refractory
melanoma. In this open-label phase I trial, 173 patients
with advanced melanoma who experienced disease pro-
gression after at least 2 doses of ipilimumab were
randomized in a 1-to-1 ratio to receive treatment with
Pembrolizumab at either 2 mg/kg every 3 weeks (n = 89)
or 10 mg/kg every 3 weeks (n = 84) until disease progres-
sion, unacceptable toxicity, or withdrawal of consent. The
primary endpoint was ORR assessed with RECIST by in-
dependent central review. Investigators noted an ORR of
26% at each dose level compared with 6% response rates
from previous treatments of ipilimumab in the same pa-
tients. Reductions in tumor burden were seen in approxi-
mately 70% of patients at both doses. Treatment with
Pembrolizumab was well tolerated, and toxicity profiles
were similar between the groups. The median PFS was 22
weeks for the 2-mg/kg cohort in this study and 14 weeks
for the 10-mg/kg cohort by independent central review,
and were 31 weeks and 35 weeks, respectively, as assessed
by the investigators using immune-related criteria. Over-
all survival at 1 year was 58% for the 2-mg/kg cohort and
63% for the 10-mg/kg cohort, respectively. These data
from the ipilimumab-refractory expansion cohort led to
FDA approval of Pembrolizumab for patients with
unresectable or metastatic melanoma and disease progres-
sion following ipilimumab, and a BRAF inhibitor if
BRAFV600-mutation positive. The major strength of this
trial was that it was a rational expansion of the popula-
tion into melanoma and then ipilimumab-refractory

melanoma. However, there was no discussion of toxicity
in those who had previous ipilimumab-related toxicity, and
there was no discussion of predictive biomarkers, although
these will presumably be reported separately.

Discussion: Checkpoint Inhibitors and Cross-Re-
sistance

An important finding from these studies was the
activity of Pembrolizumab in patients who were previously
treated with ipilimumab. There is a proven lack of cross-
resistance between ipilimumab and Pembrolizumab
therapy that was seen in these studies [20, 54]

This is a fascinating observation and it speaks to the
notion that the negative signals mediated by PD-1/PD-L1
and CTLA-4 are actually biochemically and molecularly
different. In a retrospective microarray analysis presented
by Weber and colleagues, [85] purified peripheral blood
CD4+ and CD8+ T cells were isolated from patients with
melanoma who were treated with ipilimumab both pre-
treatment and post treatment. When patients were treated
with ipilimumab, the majority of the gene expression
changes appeared to be in the CD4+ T-cell compartment-
the helper T cells-whereas biopsies on patients treated with
anti-PD-1 reveal predominately a CD8+ infiltrate. One ex-
planation is that the biochemical pathways mediated by
CTLA-4 and PD-1/PD-L1 are biochemically and
molecularly distinct. The other more broad-level approach
is perhaps CTLA-4 preferentially augments CD4+ T cells
and PD-1 acts predominately on CD8+ T cells, which may
also explain the lack of cross-resistance observed in this
study. [20]

Activity in Brain Metastases
Patients who had a history of treated brain

metastases were allowed to enroll on this study. The ac-
tivity of immunotherapy in sanctuary sites such as the
brain has not been examined comprehensively in any trial.
However, there is a combination trial of ipilimumab and
nivolumab in patients with recurrent glioblastoma. [86] So,
it is currently an open question; however, anecdotally,
more than one response has been observed in patients with
brain lesions, and the traditional idea of the brain as an
immunologically privileged sanctuary site is languishing.
Jackson and colleagues [87] published a review about im-
munotherapy for glioblastoma multiforme that discusses
this concept, citing reports of a limited number of native
antigen-presenting cells in the central nervous system and
the lack of a lymphatic system, as well as an inability of
antibodies and lymphocytes to cross the blood–brain bar-
rier. However, when there is ongoing inflammation, as in
the case of a tumor, it appears that the blood-brain bar-
rier is readily crossed by activated lymphocytes. [88, 89]
Lipson and colleagues [90] also published 3 case reports,
one of whom was treated initially with anti-PD-1 antibody
for RCC and later developed a brain lesion which, upon
surgical resection,  contained no tumor cells,  only
fibrovascular tissue with inflammation, CD8+ macro-
phages, and T cells. This was deemed a resolving lesion
of undetermined origin. Hence, it appears that brain lesions
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are certainly amenable to immunotherapy. However, the
relative response rate and best strategy for this have yet
to be determined.

Differences between PD-1 and PD-L1 Agents
Concerning the differences between therapies that

target PD-1 and PD-L1 there are several different view-
points about it. However, from a purist, evidence-based
point of view, it is unfair to say there is any difference be-
tween these 2 types of agents because they have not been
investigated in a head-to-head comparison trial. So unless
a cross-comparison trial is performed that is adequately
powered to see a difference, one should refrain from con-
cluding that there is a difference. Alternatively, if we were
to compare the phase I data from nivolumab with objec-
tive response rates ranging from 18% to 28% vs the phase
I data from the anti–PD-L1 agent BMS-936559 with ob-
jective response rates ranging from 6% to 17%, it would
appear that the anti-PD-1 agent nivolumab was slightly
more active-albeit these are phase I data. [26, 47] How-
ever, we know that the anti-PD-L1 agents have activity.
MPDL3280A has clear activity in melanoma, bladder can-
cer, lung cancer, and RCC. [27, 39] There are also data
showing activity of MEDI-4736 in lung, colorectal, and
head and neck cancers. [28] Blocking PD-1 in turn blocks
the interaction of PD-1 with its 2 ligands, PD-L1 and PD-
L2. So if PD-L2 is important, then blocking PD-1 is likely
more beneficial. Alternatively, there is some suggestion
that PD-1 interacts with B7-1, which is another co stimu-
latory molecule on T cells. In this case, blocking PD-L1
may be preferential so as to avoid collateral interference
with other PD-1-mediated signals. One could derive rea-
sonable immunologic rationales for blocking either path-
way.

Cross-comparisons based on the current evidence in
humans are unfair due to the disparate nature of the pa-
tients, the different design of phase I trials, and differences
in the individual antibodies in terms of their affinity, their
half-life, and the epitope they bind. Perhaps the safest
thing to say right now is both PD-1 and PD-L1 blockade
have activity in different cancer types and we await the
phase III data.

Pembrolizumab in Practice
Pembrolizumab has been approved by the FDA as

a single agent and is well tolerated. It has a high response
rate so it will likely be used immediately in the on-label
setting, that is, in late-stage melanoma, which has pro-
gressed following treatment with ipilimumab and, if
BRAFV600 mutation positive, a BRAF inhibitor. However,
owing to the wealth of data that have been published on
PD-1 blockade, in multiple tumor types and in a variety
of settings, there is a real concern, and among physicians
a real enthusiasm, to use Pembrolizumab off label. It is
yet to be seen how this enthusiasm will affect clinical prac-
tice over the next several months in terms of reimburse-
ment policy. We know from data that we presented at
ASCO [15, 35, 63] and the published data [47] that anti-

PD-1 therapy has clear activity in RCC.
The toxicity associated with the anti-PD-1 drugs

and the use of steroids and other immunosuppressive drugs
decrease the response rate or worsen the outcome in pa-
tients who develop toxicity. There is an algorithm for each
potential toxicity (eg, hepatitis, dermatitis, hypophysitis,
colitis) which indicates the range of steroids that is appro-
priate for these patients. That is one clear management
concept that should really be promulgated going forward.
The big question is, if you have a patient who is having a
good antitumor response to anti-PD-1 or anti-PD-L1, or
even with anti-CTLA-4, who then develops a toxicity that
requires treatment with a reasonably high dose of steroids,
what happens to that autoimmune response? Sometimes,
or perhaps, even most of the time, the antitumor immune
response continues and the antitumor response is now so
robust that it continues through the steroid course. One
thing that needs to be done is a quantitative analysis to de-
termine how often an antitumor response is turned off as
a result of high-dose steroid treatment for autoimmune-re-
lated events. Those data will be critical for clinical prac-
tice because it can drive the decision about which sce-
narios clinicians can feel comfortable about administering
high-dose steroids without interfering with the antitumor
immune response. For instance, if the likelihood of turn-
ing off the antitumor response is exceedingly low, then
when an autoimmune event, such as pneumonitis, is sus-
pected, we can feel confident about treating it aggressively
with steroids. Alternatively, if the data indicate that ap-
proximately 50% of the time, administration of high-dose
steroids will turn off an antitumor immune response, then
we may be more judicious in the approach. The general
impression is that many of the antitumor responses pro-
ceed and that the optimal approach is to be cautious and
administer steroids to try to mitigate an immune-related
adverse event. However, this is not supported by hard data
and it will be important to be mindful of these data as they
emerge.

Pneumonitis and therapy
Concerning the management of pneumonitis the

evidence suggests that pneumonitis may be more common
with PD-1- blocking agents than with anti-CTLA-4 and
anti-PD-L1 agents. Pneumonitis has been observed both
with nivolumab and Pembrolizumab. [15, 16, 47, 84] A
great challenge with pneumonitis is recognizing it, particu-
larly when treating patients with lung cancer who already
have evident lesions in their lung. Moreover, on imaging
after the initiation of treatment, an antitumor immune re-
sponse against a previously occult lesion can confound in-
terpretation. Scott Antonia, MD, PhD, from the Moffitt
Cancer Center, and Scott N. Gettinger, MD, from Yale Uni-
versity, both thoracic oncologists, have advised that in the
management of patients with lung cancer, it is important
to be cognizant of each patient’s clinical status. Their prac-
tice is to measure patients’ baseline O2 saturations, at rest
and on exertion. While on checkpoint blockade therapy,
if the patient experiences a decrease in exertional O2 satu-
ration from baseline, that would be functionally worri-
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some, and they suggest that this indicates the need to in-
tervene and treat an incidental radiologic lesion with
corticosteroids.

Most clinicians are uncomfortable treating asymp-
tomatic pneumonitis during checkpoint blockade therapy.
When an incidental finding appears on imaging and a pa-
tient is feeling otherwise well, it can be quite challenging
to determine the appropriate management strategy going
forward. However, if a lesion appears on imaging and the
patient is symptomatic (eg, worsening shortness of breath
or cough), all clinicians are comfortable treating a patient
with symptomatic pneumonitis with appropriate, algo-
rithm-specified, doses of steroids. The other advice re-
ceived from the thoracic oncologists is to be more aggres-
sive about imaging.

For instance, if a patient has an incidental finding
on imaging but is asymptomatic and appears to be doing
well otherwise on an immune checkpoint blockade agent,
it is prudent to be more proactive about re-imaging more
frequently, rather than waiting for the next routinely sched-
uled imaging visit, and if progression is observed that may
indicate a pneumonitis, consider intervening at that time.
Undoubtedly, pneumonitis is one of the most worrisome
of all the potential toxicities with anti-PD-1 agents and
also one of the more difficult to both diagnose and to man-
age. However, the algorithms are helpful as well as pay-
ing more careful attention to the patient’s clinical status.

Combining Checkpoint Inhibitors With Other
Therapies

Moving forward to further improvement of the ef-
ficacy of anti-PD-1 therapy could affect autoimmune tox-
icity. It is going to be a challenge. It is known from a study

1. Medzhitov R, Janeway C Jr. In-
nate immune recognition: mechanisms
and pathways. Immunol Rev. 2000
Feb;173:89-97. [PubMed] [CrossRef]

2. Masopust D, Schenkel JM. The
integration of T cell migration, differ-
entiation and function. Nat Rev
Immunol. 2013 May;13(5):309-320.
[PubMed] [CrossRef]

3. Drake CG, Lipson EJ, Brahmer,
JR. Breathing new life into immuno-
therapy: review of melanoma, lung and
kidney cancer. Nat Rev Clin Oncol.
2014 Jan;11(1):24-37. [PubMed]
[CrossRef]

4. Kantoff PW, Higano CS, Shore
ND,  Berger ER, Small EJ, Penson
DF, et al. Sipuleucel-T immunotherapy
for castration-resistant prostate cancer.
N Engl J Med. 2010 Jul;363[5]:411-
422. [PubMed] [CrossRef]

5. Vansteenkiste J, Cho B, Vanakesa

T, De Pas T, Zielinski M, Kim MS, et
al. MAGRIT, a double-blind,
randomized, placebocontrolled phase
III study to assess the efficacy of the
recMAGE-A3 + AS15 cancer immuno-
therapeutic as adjuvant therapy in pa-
tients with resected MAGE-A3-positive
non-small cell lung cancer (NSCLC).
Program and abstracts from the 2014
ESMO. Abstract 1173O.

6. Robert C, Thomas L, Bondarenko
I, O’Day S, Weber J, Garbe C,  et al.
Ipilimumab plus dacarbazine for pre-
viously untreated metastatic melanoma.
N Engl J Med. 2011 Jun;364(26):2517-
2526. [PubMed] [CrossRef]

7. Hodi FS, O’Day SJ, McDermott
DF,  Weber RW, Sosman JA, Haanen
JB,  et al. Improved survival with
ipilimumab in patients with metastatic
melanoma. N Engl J Med. 2010 Aug;
363(8):711-723. [PubMed] [CrossRef]

8. Lipson EJ, Sharfman WH, Drake
CG, Wollner I, Taube JM, Anders RA,
et al. Durable cancer regression off-
treatment and effective reinduction
therapy with an anti-PD-1 antibody.
Clin Cancer Res. 2013 Jan;19(2):462-
468. [PubMed] [CrossRef]

9. Yang JC, Hughes M, Kammula U,
Royal R, Sherry RM, Topalian SL, et al.
Ipilimumab (anti-CTLA4 antibody)
causes regression of metastatic renal
cell cancer associated with enteritis and
hypophysitis. J Immunother. 2007 Nov-
Dec;30(8):825-830. [PubMed]
[CrossRef]

10. Lynch TJ, Bondarenko I, Luft
A,  Serwatowski P, Barlesi F, Chacko R,
et al. Ipilimumab in combination with
paclitaxel and carboplatin as first-line
treatment in stage IIIB/IV non-small-
cell lung cancer: results from a
randomized, double-blind, multicenter

REFERENCES:

that combined the BRAF inhibitor with anti-CTLA-4. [91]
This trial was halted early due to autoimmune toxicity,
mostly hepatitis. It is a speculation that when agents that
have subclinical toxicity to any organ are administered,
that organ upregulates PD-L1 to protect itself from an
autoimmune response. As an example, pazopanib is a ty-
rosine kinase inhibitor used in RCC that, by itself, has a
very low rate of hepatic function abnormalities. However,
when combined with an anti-PD-1 agent, as was done in
a phase II trial presented at ASCO 2014 that evaluated
nivolumab in combination with sunitinib or pazopanib in
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