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Abstract
Since pembrolizumab (Keytruda®) was approved for
advanced melanoma in September 2014, multiple PD-1
blockade agents have been explored in other malignancies.
Emerging clinical data has demonstrated durable clinical
activity and safety of PD-1/L1 blockade agents in diverse
cancers including melanoma, non-small cell lung cancer,
renal cell carcinoma, urothelial cancer, Hodgkin lymphoma,
and head and neck cancer. Thus, PD-1/L1 blockade agents
have led to a paradigm shift in cancer therapy. In this
review, current indications of PD-1 blockade agents in
advanced solid malignancies will be discussed.

Keywords: Cancer Immunotherapy; Pembrolizumab;
Nivolumab; Atezolizumab

Introduction
Rapid advances in tumor immunology have improved our

understanding of key regulators that mediate T cell responses,
leading to the development of new immunotherapeutic
approaches targeting various immune checkpoints such as
cytotoxic T lymphocyte associated protein 4 (CTLA-4) and
programmed death-1 (PD-1). PD-1 is a negative immune
regulator which plays an essential role in suppressing antitumor
immunity in the local tumor environment. PD-1 is expressed on
the surface of activated T cells and has two ligands, PD-L1 (B7-
H1) and PD-L2 (B7-DC). Antigen presenting cells (APCs) and
tumor cells broadly express PD-L1 on their surface, and the
expression of PD-L1 is upregulated by interferon which is
predominately produced by effector T cells. The ligation of PD-1
and PD-L1 inhibits T cell proliferation and activation, and
ultimately can induce apoptosis of antigen-specific T cells to
prevent collateral tissue damage and autoimmune disease.
Tumor cells hijack the PD-1/PD-L1 pathway to inhibit antitumor
immunity, and various cancer cells have been reported to
upregulate PD-L1 to escape immune surveillance. Several
different PD-1/PD-L1 antibodies have been extensively studied

in a wide spectrum of malignancies. These efforts are rapidly
translating into remarkable clinical successes as PD-1/PD-L1
blocking agents, which currently include atezolizumab
(Tecentriq®), nivolumab (Opdivo®) and pembrolizumab, have
been FDA-approved for multiple malignancies, including head
and neck squamous cell carcinoma, melanoma, non-small cell
lung cancer, renal cell carcinoma, and urothelial cancer. In this
review, we will discuss the current indications for PD-1 and PD-
L1 blockade agents in solid tumors with summarized data from
clinical studies.

Clinical Indications of PD-1 Blockade
Agents in Solid Tumors

Melanoma
Melanoma is highly immunogenic tumor. In the last 20 years,

immunotherapeutic approaches such as cytokine therapy,
cancer vaccines, immune checkpoint inhibition and adaptive T
cell transfer therapy have been extensively studied in metastatic
melanoma. Although the remarkable success of ipilimumab
(Yervoy®, a CTLA-4 blocking agent) and targeted therapy for
BRAF mutations has revolutionized the metastatic melanoma
treatment, an unmet need remains for new therapeutic
approaches that induce higher rates of durable clinical response.
Extensive research efforts in tumor immunology have identified
key immune regulatory molecules including PD-1/PD-L1,
targeting of which has demonstrated significant clinical activity
in melanoma.

Pembrolizumab
Pembrolizumab, a humanized anti-PD-1 IgG4 monoclonal

antibody, was the first PD-1 blockading agent approved by the
U.S. Food and Drug Administration (FDA) in September 2014.
Initially, pembrolizumab was approved only for patients with
metastatic melanoma who demonstrated disease progression
following ipilimumab and a BRAF inhibitor if the patient
harbored a BRAFV600 mutation. This approval was based on a
phase 1 study including 173 patients with ipilimumab-refractory
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advanced melanoma [1]. In the study, the patients received
pembrolizumab at 2 mg/kg or 10 mg/kg every 3 weeks until
disease progression or intolerable toxicity. The overall response
rate (ORR) for both doses was 26%, and the treatment was well-
tolerated with only 12% of patients experiencing grade 3-4 drug
related adverse events. PD-L1 expression in the tumor
microenvironment was evaluated in the enrolled patients, and
increased expression of PD-L1 was associated with longer
progression free survival (PFS) (hazard ratio (HR) 0.76, P<0.001)
and overall survival (OS) (HR 0.76, P<0.001) [2].

In a subsequent phase 2 study, 540 patients with refractory
metastatic melanoma were randomized to pembrolizumab 2
mg/kg or 10 mg/kg every 3 weeks or to investigator-choice
chemotherapy (1:1:1) [3]. With a median follow-up of 10
months, median PFS was significantly improved in both
pembrolizumab groups; in the 2 mg/kg group PFS was 5.4 mos.
(HR 0.57, 95% confidence interval (CI) 0.45-0.73; P<0.0001) and
in the 10 mg/kg group PFS was 5.8 mos. (HR 0.5, 95% CI
0.39-0.64; P<0.0001) compared with the chemotherapy group
(3.6 mos.).

The clinical efficacy of pembrolizumab was verified in a phase
3 studies which included 834 patients with advanced, refractory
melanoma who had received no more than one prior line of
systemic therapy [4]. Patients were randomized to
pembrolizumab 10 mg/kg every 2 weeks or 3 weeks vs.
ipilimumab 3 mg/kg every 3 weeks in a 1:1:1 ratio. OS was
significantly improved in the pembrolizumab every 2 weeks
(median OS: not reached (NR), HR 0.63, 95% CI 0.47-0.83;
P<0.001) and 3 weeks (median OS: NR, HR 0.69, 95% CI 0.52-0.9;
P=0.004) arms compared with ipilimumab (median OS: 16.0
mos.). Overall response rates were 33.7% for pembrolizumab
every 2 weeks (P<0.001 vs ipilimumab), 32.9% for every 3 weeks
(P<0.001) and 11.9% for ipilimumab. Severe treatment related
toxicities (>grade 3) were significantly lower in the
pembrolizumab groups (13.3% and 10.1%) than in the
ipilimumab group (19.9%). Based on these results, in December
2015, the FDA expanded the treatment indications for
pembrolizumab to include first line of therapy for patients with
advanced melanoma.

Nivolumab
Nivolumab is another human anti-PD-1 IgG4 monoclonal

antibody approved for advanced melanoma. Similar to
pembrolizumab, nivolumab was FDA-approved for patients with
refractory unresectable or metastatic melanoma in December
2014. Thereafter, this indication was extended to include
frontline therapy in January 2016. In a phase 1/2 dose escalation
cohort expansion study, 107 patients with metastatic, refractory
melanoma received nivolumab at doses from 0.1 to 10 mg/kg
every 2 weeks [5,6]. Median OS was 16.8 mos. with ORR of 31%.
Interestingly, clinical responses were durable with 2 years of the
median response duration. Tumor PD-L1 expression was
evaluated in the study: None of the 17 patients with PD-L1–
negative tumors had an objective response while 9 patients
(36%) with PD-L1 expressing tumors had an objective response
[6].

A subsequent phase 3 study confirmed nivolumab’s clinical
activity [7]. In the study, 272 patients with ipilimumab-refractory
metastatic melanoma were randomly allocated to nivolumab 3
mg/kg every 3 weeks or investigator’s choice chemotherapy
(dacarbazine or paclitaxel). With 167 evaluable patients,
confirmed ORR was 31.7% in the nivolumab group and 10.6% in
the chemotherapy group. Grade 3-4 drug related toxicities were
reported in 5% of nivolumab-treated patients and 9% of
chemotherapy-treated patients.

Nivolumab’s clinical efficacy and safety were subsequently
verified in patients with treatment-naïve, advanced melanoma.
In a phase 3 study of previously untreated patients with
advanced melanoma, nivolumab demonstrated improved OS
rate at 1 year (72.9% vs. 42.1%, HR 0.42, 95% CI 0.25-0.73;
P<0.001), prolonged PFS (5.1 months vs. 2.2 months HR 0.43,
95% CI 0.34-0.56; P<0.001) and improved ORR (40% vs. 13.9%;
P<0.001) compared with chemotherapy (dacarbazine) [8].
Additionally, nivolumab also demonstrated superior clinical
benefits than ipilimumab in a phase 3 study of treatment-naïve
metastatic melanoma patients. In particular, PFS was
significantly longer (6.9 mos. vs. 2.9 mos., HR 0.57, 95% CI
0.43-0.76; P<0.001) than ipilimumab, similar to that seen for
pembrolizumab in a similar patient population [9].

Nivolumab plus ipilimumab
Several preclinical studies have demonstrated that combined

CTLA-4 and PD-1 blockade was more clinically effective than
either alone [10,11] and this strategy has been evaluated in
numerous clinical studies. A phase 1 study of concurrent
ipilimumab and nivolumab found that the maximum-tolerated
dose of concurrent therapy was 3 mg/kg of ipilimumab and 1
mg/kg of nivolumab [12]. The regimen was clinically active with
an ORR of 40%, and tumor reduction of >80% was observed in
most of the responding patients. However, 53% of patients
developed grade 3 or 4 adverse events, and 21% of patients
discontinued therapy due to treatment-related toxicities. A
subsequent randomized phase 2 study comparing ipilimumab
with or without nivolumab showed that the combination
resulted in higher response rates (61% vs. 11%, P<0.001), with
complete responses in 22% of patients, and improved PFS (HR
0.40; P<0.001) in treatment naïve patients with BRAFV600 wild-
type melanoma [13]. However, an OS benefit was not observed
(HR 0.74, 95% CI 0.43-1.26; P=0.26) [14], which may be
attributed to the trial design in which 62% of patients in the
ipilimumab alone arm crossed over to nivolumab at the time of
progression. Again, combination therapy was more toxic with
54% of patients experiencing grade 3 or 4 toxicities compared
with 24% of patients receiving ipilimumab alone. Based on this
study, the combination regimen was FDA-approved for patients
with BRAFV600 wild-type advanced melanoma in September
2015.

A subsequent randomized, three-arm, phase 3 study
comparing nivolumab monotherapy, ipilimumab monotherapy,
and concurrent nivolumab with ipilimumab confirmed the
statistically superior clinical outcomes of the combination
compared to ipilimumab alone (median PFS: 11.5 mos. vs. 2.9
mos., HR 0.42; P<0.001) in untreated patients with unresectable
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stage III or stage IV melanoma regardless of BRAF mutation
status [9]. Based on this study, the clinical indication for
combination ipilimumab plus nivolumab was extended to
include patients with unresectable stage III or stage IV
melanoma regardless of BRAF mutational status. Notably, in
patients with PD-L1 expressing tumors, the median PFS was 14.0
mos. in both the ipilimumab plus nivolumab combination group
and the nivolumab monotherapy group while median PFS was
significantly prolonged with the combination group compared
with nivolumab alone in patients with PD-L1 negative tumor,
suggesting a possible predictive marker of PD-L1 for more
aggressive therapy. However, updated data demonstrated
superior outcome of the combination to nivolumab alone
regardless of PD-L1 expression in tumor [15].

Non-small cell lung cancer (NSCLC)
In contrast to melanoma, due to the non-immunogenic nature

of advanced lung cancer and their sensitivity to contemporary
chemotherapy agents, immunotherapeutic approaches have
historically not been well-studied in lung cancer. However,
recent data have demonstrated that lung cancers, and especially
squamous lung cancers which are associated with tobacco use,
intrinsically express highest mutational burdens [16]. We know
now that these mutations generate neoantigens which can be
recognized by effector T cells and induce antitumor immune
responses. While immunotherapeutic approaches with cancer
vaccines failed to show clinic efficacy in lung cancer, recent
studies with PD-1/PD-L1 blocking agents have demonstrated
promising results.

Nivolumab
Nivolumab was the first immunotherapy agent approved for

the treatment of advanced lung cancer. The safety and efficacy
of nivolumab were confirmed in both squamous and non-
squamous cell NSCLC. In a phase 3 trial, 272 patients with
metastatic squamous cell NSCLC who had disease progression
during or after first line chemotherapy were randomly assigned
to nivolumab or docetaxel [17]. Nivolumab treatment was
associated with improved OS (median OS: 9.2 mos. vs. 6.0; HR
0.59, P<0.001), PFS (median PFS: 3.5 mos. vs. 2.8; HR 0.62,
P<0.001) and ORR (20% vs. 9%, P=0.008) compared with
docetaxel in patients with advanced, previously- treated
squamous cell NSCLC. The expression of PD-L1 was not
prognostic or predictive. Grade 3-4 treatment related toxicities
were observed in 7% of patients in the nivolumab group
compared with 55% in the docetaxel group.

In another phase 3 trial, 582 patients with advanced non-
squamous cell NSCLC that had progressed during or after
platinum-based doublet chemotherapy were treated with
nivolumab or docetaxel [18]. Nivolumab was associated with
longer median OS (12.2 mos. vs. 9.4; HR 0.72; 95% CI: 0.59-0.89,
P=0.002) and higher ORR (19% vs. 12%; P=0.02) with lower
incidence of grade 3-4 toxicities (10% vs. 54%) than docetaxel.
Additionally, nivolumab treatment was associated with longer
OS, PFS and higher ORR in PD-L1 expressing tumors ( ≥ 1%) while
OS and PFS were similar between the two arms in patients with
PD-L1 negative tumors (<1%). Based on the results from these

two studies, nivolumab has been FDA-approved for patients
with advanced NSCLC (both squamous and non-squamous cell
carcinomas) whose disease progressed during or after platinum-
based chemotherapy regardless of PD-L1 expression. Most
recently, in a randomized phase 3 trial of nivolumab verses
physician choice platinum based doublet chemotherapy
nivolumab failed to show superior PFS as first line therapy in
stage IV/recurrent NSCLC patients with ≥ 5% PD-L1 tumor
expression [19].

Currently, several clinical studies of nivolumab plus
ipilimumab, or nivolumab plus platinum-based chemotherapy as
first-line treatment are underway for advanced NSCLC

Pembrolizumab
In contrast to nivolumab, pembrolizumab has been approved

for previously treated patients with advanced NSCLC whose
tumors express PD-L1 (>1%). In the large phase 1 study which
led to FDA approval, 495 patients with advanced NSCLC
regardless of prior treatment received pembrolizumab 2 mg/kg
or 10 mg/kg every 3 weeks or 10 mg/kg every 2 weeks until
disease progression [20]. Treatment was well-tolerated with
grade 3 or higher adverse events of 9.5%. The ORR was 18% in
the 394 previously-treated patients and 24.8% in the 101
previously untreated patients. Median PFS and OS were 3.0 and
9.3 mos., respectively, in the previously treated patients and 6.0
and 16.2 mos., respectively in the previously untreated patients.
Importantly, pembrolizumab efficacy correlated with PD-L1
expression. The ORR and median PFS were 45.2% and 6.4
months in the patients with tumors expressing PD-L1 ≥ 50%,
16.5% and 4.1 months with PD-L1=1-49% and 10.7% and 4.0
months with PD-L1<1%.

In a subsequent randomized phase 2/3 study, 1034 patients
with previously treated with NSCLC with PD-L1 expression at
least 1% were randomized to pembrolizumab 2mg/kg,
pembrolizumab 10 mg/kg or docetaxel every 3 weeks [21]. OS
was significantly prolonged for pembrolizumab 2 mg/kg and 10
mg/kg compared with docetaxel (10.4 mos. and 12.7 mos. vs.
8.5 months [HR 0.71, 95% CI 0.58-0.88 and HR 0.61, 95% CI
0.49-0.75]), while PFS was similar in all groups. Pembrolizumab
treatment was much more effective than docetaxel in patients
whose tumors expressed PD-L1 of >50% with median OS of 14.9
mos. with pembrolizumab 2 mg/kg, 17.3 mos. with
pembrolizumab 10mg/kg and 8.2 mos. with docetaxel (HR 0.54;
95% CI: 0.38-0.77, P=0.0002 and HR 0.50; 95% CI: 0.36-0.70,
P<0.0001).

Based on this remarkable efficacy in tumors with PD-L1
expression ≥ 50%, pembrolizumab has been evaluated as
frontline treatment in patients with metastatic NSCLC whose
tumors have ≥ 50% PD-L1 [22]. In the phase 3 study, 305
patients were randomized to pembrolizumab (200mg every 3
weeks) or platinum-based chemotherapy. Pembrolizumab was
associated with prolonged PFS (10.3 mos. vs. 6.0 mos., HR 0.50;
95% CI: 0.37-0.68, P<0.001) and improved OS at 6 months
(80.2% vs. 72.4%, HR 0.60; 95% CI: 0.41-0.89, P=0.005)
compared with chemotherapy. The ORR was also higher in the
pembrolizumab group (44.8% vs. 27.8%) with fewer high grade
[3-5] adverse events (26.6% vs. 53.3%) than in the
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chemotherapy group. These results led to FDA-approval in
October 2016 of pembrolizumab as frontline therapy for
patients with metastatic NSCLC whose tumors have ≥ 50% PD-L1
without EGFR or ALK genomic tumor aberrations.

Atezolizumab
Atezolizumab, a humanized anti-PD-L1 IgG1 monoclonal

antibody was the first anti-PD-L1 antibody approved for
previously treated metastatic NSCLC. The approval was based on
a survival benefit demonstrated with atezolizumab in two
randomized studies. In a phase 2 trial of 287 patients with
previously treated advanced NSCLC, patients were randomly
assigned to atezolizumab or docetaxel [23]. The median OS for
atezolizumab was significantly longer than docetaxel (12.6 mos.
vs. 9.7 mos., HR 0.73; 95% CI 0.53-0.99, P=0.04). While the ORR
was similar (17% vs 15%) in both groups, the objective
responses of atezolizumab were durable with a median duration
of 14.3 mos. compared with 7.2 mos. for docetaxel. PD-L1
expression on tumors or tumor infiltrating immune cells
correlated with improvement in survival with atezolizumab.
Furthermore, atezolizumab showed favorable toxicity profiles
compared with docetaxel (grade 3-4 toxicities: 11% vs. 39%). In a
subsequent phase 3 study of atezolizumab in patients with
previously treated advanced NSCLC, atezolizumab also
demonstrated favorable toxicity profiles and improved OS (13.8
mos vs. 9.6 mos., HR 0.73, P=0.0003) regardless of PD-L1
expression in comparison to docetaxel [24]. The survival benefit
was more prominent in patients with high PD-L1 expression on
tumors or tumor infiltrating immune cells. Results from these
trials led to FDA-approval of atezolizumab in October 2016 for
the treatment of patients with advanced NSCLC whose disease
progressed on platinum-containing chemotherapy and on
EGFR/ALK directed therapies if such mutations were present.

Renal cell carcinoma (RCC)
Renal cell carcinoma with clear cell histology has been

considered a highly immunogenic tumor since spontaneous
regression of primary and metastatic tumors have been
observed [25,26], and high dose interleukin-2 has demonstrated
durable responses in select patients [27]. Therefore, checkpoint
inhibitors have been extensively studied in metastatic RCC with
clear cell type. In this review, we will focus only on the clear cell
histologic subtype.

Nivolumab
Several early clinical studies of nivolumab demonstrated

promising antitumor activity and acceptable tolerability in
patients with previously treated metastatic RCC6. These
provided the rationale for the phase 3 trial of nivolumab in
patients with advanced RCC who received one or two prior anti-
angiogenic therapies [28]. In this study, a total of 821 patients
received either nivolumab or everolimus. As compared to the
everolimus treated patients, the nivolumab group demonstrated
improved OS (25.0 mos. vs. 19.6 mos., HR 0.73, P=0.002) and
higher ORR (25% vs. 5%, P<0.001) with fewer grade 3 or 4
adverse events. Moreover, the clinical benefit from nivolumab
was observed regardless of PD-L1 expression.

VEGF is one of the critical mediators of immune suppression.
VEGF regulates antitumor immunity by inhibiting dendritic and
effector T cell function, [29] while enhancing
immunosuppressive regulatory T cells [30] and myeloid derived
suppressor cells [31]. Clinical data demonstrate that elevated
VEGF levels are associated with poor clinical response to
immunotherapy such as high dose IL-2 [32] and ipilimumab [33].
Therefore, a clinically relevant combinatorial strategy with
increased therapeutic potential may include and VEGF and PD-1
inhibitor. Currently, several clinical trials investigating this
strategy are underway.

Urothelial cancer
The clinical efficacy of immunotherapy with intravesical

Bacillus Calmette-Guerin (BCG) has been shown in localized,
non-muscle invasive urothelial cancer. However, no systemic
immunotherapy has shown antitumor activity in metastatic
bladder cancer until recently. Although platinum-based
chemotherapy remains the standard of care for treatment naïve
metastatic urothelial cancer with response rates ranging from
30-56% [34], most patients develop disease progression after
frontline chemotherapy. Unfortunately, second line treatments,
which historically involved other chemotherapy agents, have
minimal clinical benefit. Thus, in this setting, there is a
significant unmet need for effective, well-tolerated approaches
in refractory urothelial cancer. Recently, a large phase I trial
demonstrated promising results of atezolizumab in metastatic
urothelial cancer and it led to further evaluation of blockade of
PD-1/PD-L1 in metastatic urothelial cancer [35].

Atezolizumab
Atezolizumab is the first, FDA-approved immunotherapy agent

for patients with metastatic urothelial cancer. It is approved
following platinum-based chemotherapy or within 12 months of
receiving platinum-based chemotherapy in either before or after
surgical resection. This approval was based on durable activity
and tolerability demonstrated in a phase 2 trial which
investigated 310 patients with chemotherapy refractory,
metastatic urothelial cancer [36]. In this trial, the ORR was 15%
and 38 patients (84%) had ongoing responses at a median
follow-up of 11.7 months. Although the objective responses
correlated with PD-L1 expression on tumor infiltrating immune
cells, 8% of objective responses were observed even in patients
with no PD-L1 expression. Therapy was well-tolerated with
grade 3-4 immune mediated toxicities occurring in only 5% of
patients.

Head and neck squamous cell carcinoma (SCC)
Cytotoxic chemotherapy is the standard therapeutic option

for patients with recurrent or metastatic head and neck SCC.
However, the prognosis of these patients, even with therapy, is
dismal with a median survival of 6-10 months [37]. Given the
low survival rates and significant toxicities associated with
standard cytotoxic chemotherapy regimens, more effective
agents in this setting are also needed. Recently, studies have
shown that dysregulation and evasion of the immune system is
closely associated with the development and progression of
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head and neck cancers [38]. Recently several
immunotherapeutic approaches, including checkpoint blockade
have been evaluated these patients.

Pembrolizumab
The FDA approved pembrolizumab for patients with recurrent

or metastatic head and neck SCC with disease progression on or
after platinum-based chemotherapy based on early non-
randomized data from the KEYNOTE-012 trial [39-41]. In this
study, 174 patients received pembrolizumab 10 mg/kg every 2
weeks or 200mg every 3 weeks. Objective responses were
observed in 28 patients (16%); among all responders, 23
patients (82%) had responses of 6 months or longer. Patients
with positive PD-L1 expression had higher ORR (22% vs. 4%;
P=0.021) than PD-L1 negative tumors. Safety data were similar
to those reported with pembrolizumab in melanoma and NSCLC.
However, contrast to melanoma and NSCLC, the recommended
dose is 200mg every 3 weeks for head and neck SCC instead of 2
mg/kg every 3 weeks.

Nivolumab
More recently, nivolumab was also studied in a phase 3 trial

in 361 patients with recurrent SCC of the head and neck whose
disease had progressed on platinum-based chemotherapy [42]
In this study, patients received either nivolumab 3 mg/kg every 2
weeks or standard, single agent systemic therapy which included
either methotrexate, docetaxel or cetuximab. The median OS
(7.5 vs. 5.1 mos; HR 0.70; 97.73% CI, 0.51-0.96; p=0.01) and 1-
year survival rate (36.0% vs. 16.6%) favored the nivolumab
group; however, the median PFS was no statistically significant
(2.0 mos. for nivolumab vs. 2.3 mos. for chemotherapy,
HR=0.89; 95% CI, 0.70-1.13; p=0.32). Like previous trials,
nivolumab was well-tolerated with grade 3 or 4 treatment-
related adverse events 13.1% in the nivolumab group vs. 35.1%
in the standard therapy group. Because of this data, nivolumab
is also now FDA-approved for recurrent or metastatic head and
neck SCC with disease progression on platinum-based
chemotherapy.

PD-L1 Expression in Tumor
Microenvironment as a Biomarker

While several clinical studies confirmed the remarkable
clinical activity of PD-1/PDL-1 blockading agents, including
atezolizmuab, nivolumab and pembrolizumab, in patients with
numerous malignancies, there are limitations to their efficacy.
For example, more than 50% of patients did not have clinical
benefit from PD-1/PD-L1 inhibitors, and some of initially
responding patients eventually developed disease progression.
Various biomarkers and tumor characteristics used to predict
clinical responses have been evaluated for appropriate selection
of patients that are likely to benefit from PD-1/PD-L-1 blockade.
Several biomarkers have been suggested, including pre-existing
CD8+ T cells in the tumor microenvironment [43], high tumor
mutational loads [44], neoantigen heterogeneity [45], high
relative eosinophil count [46], high relative lymphocyte count
[46], low LDH [46], absence of metastasis other than

involvement of the soft tissue or lung [46], and PD-L1 expression
in the tumor microenvironment [43]. Among these markers, PD-
L1 expression in the tumor microenvironment has been
extensively studied. As described above, PD-L1 expression in
pre-treatment tumor samples correlated with improved clinical
outcome to PD-1/PD-L1 blockading agents in head and neck
squamous cell carcinoma [41], melanoma [2,6], NSCLC [18,20]
and urothelial cancer [35,36].

Currently, PD-L1 expression is routinely used in patients with
metastatic NSCLC as a biomarker for pembrolizumab treatment,
both in the frontline and refractory setting. However, using PD-
L1 as an absolute predictive biomarker remains problematic for
a number of reasons. 1) A significant number of patients with
PD-L1 negative tumors respond to PD-1/PD-L1 blocking agents
[17,28]. The specific mechanism by which this happens,
assuming PD-L1 is the most relevant biomarker is not known. 2)
A significant discordance of PD-L1 expression has been reported
between primary tumors and metastatic lesions in several
malignancies including melanoma [47], NSCLC [48] and RCC [49].
How this discordance affects treatment outcome if PD-L1 is the
main biomarker is not clear. 3) There are at least 12 different
anti-PD-L1 antibodies and several different staining techniques
for determination of PD-L1 expression which have different
sensitivity [48]. Choosing the correct methodology for PD-L1
expression in the context of each tests’ sensitivity and use with
specific PD-1/PD-L1 blocking agent is challenging and not yet
defined .4) The cut-off value of PD-L1 staining positivity has not
been elucidated. In most of the immunotherapy trials presented,
patients with wide ranges of PD-L1 expression (ie: >1%; 1-49%,
and >50%) had positive response to PD-1/PD-L1 blockade. Thus,
in order to overcome these challenges and accurately identify
patients who will benefit from PD-1/PD-L1 blocking agents,
further studies improving our understanding of the tumor
microenvironment are needed.

Anti-PD-1/PD-L1 Treatment in Preexisting
Autoimmune Disease or Organ
Transplantation

Considering the 3-8% prevalence of autoimmune disease in
the US and the number of organ transplants performed each
year, it is not uncommon for cancer patients to present with a
concurrent autoimmune condition or previous organ transplant
[50]. Complicating this issue, epidemiological studies have
shown that patients with autoimmune disease or organ
transplantation have an increased risk of diverse cancers [51,52].
To date, the use of immune checkpoint therapy has been limited
in these patients, due to concerns of potentially exacerbating
their pre-existing autoimmune disease or potentiating graft
rejection.

Several case reports have demonstrated the efficacy and
safety of PD-1/PD-L1 blocking agents in patients with concurrent
autoimmune disease. Notably, our group recently published on a
patient with advanced melanoma and Crohn’s disease who we
treated with tocilizumab (anti-IL-6 antibody) to prevent
autoimmune exacerbation and pembrolizumab [53]. Despite
this, the efficacy and safety of checkpoint inhibitors are largely
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unknown in this patient population as they are routinely
excluded from immunotherapy clinical trials. A recent
retrospective study suggested that anti-PD-1 therapy may be
safely and effectively administered to cancer patients who have
pre-existing autoimmunity with close monitoring for
autoimmune flares [54]. In this study of 52 patients which
demonstrated an ORR of 33%, 15 (29%) had active autoimmune
symptoms and 16 (31%) were on systemic immunosuppression
at anti-PD-1 initiation. 22 patients (38%) experienced
exacerbation of their pre-existing autoimmune disease at a
median of 1.3 months after anti-PD-1/PD-L1 initiation including
7/13 with rheumatoid arthritis, 3/3 with polymyalgia rheumatic,
2/2 with Sjogren’s disease, 1/2 with scleroderma, 2/2 with
immune thrombocytopenic purpura, 3/8 with psoriasis and 1/4
with Graves’ disease. Interestingly, no flare was observed in 5
patients with neurological disorders and 6 patients with
gastrointestinal autoimmunity. Among the 22 flares, 3 patients
(6%) had grade 3 flares, and 2 patients discontinued treatment.
Immune related toxicities other than flares were observed in 18
patients (29%) including 5 grade 3 toxicities, and 3 of them
discontinued anti-PD-1.

In regard to checkpoint inhibitor use in patients with organ
transplantation, two cases of allograft rejection were reported
after anti-PD-1 therapy in patients with kidney transplantation
[55,56]. In addition, two cases of successful administration of
ipilimumab in patients with kidney transplantation have also
been reported [57]. The paucity of data available in this unique
population, further studies is needed to delineate the role of
PD-1/PD-L1 blocking agents in patients with pre-existing
autoimmune disease or organ transplantation.

Anti-PD-1 in Patients with Metastatic
Brain Disease

Metastatic brain disease commonly develops in patients with
melanoma, NSCLC and RCC. Although advances in local therapy
such as stereotactic radiosurgery have improved local control of
brain metastases, managing these patients remains challenging
as many systemic agents have poor central nervous systemic
(CNS) response. Historically, standard chemotherapy was
considered ineffective for brain metastases due to the presence
of the blood-brain barrier (BBB). However, recent data have
demonstrated antitumor activity of nivolumab and
pembrolizumab in the CNS. In a non-randomized, phase 2 trial,
the safety and activity of pembrolizumab was evaluated in
patients with untreated brain metastasis from melanoma or
NSCLC who did not have associated neurological symptoms and
did not require systemic steroid therapy [58]. Positive tumor PD-
L1 expression was required in the NSCLC arm while it was not
necessary in the melanoma arm. Among 36 patients (18
melanoma and 18 NSCLC) studied, the ORR of brain metastases
was 22% and 33%, respectively. Toxicity profiles were similar
with previous reports.

With the advent of improved target localization and radiation
delivery techniques, radiation therapy such as stereotactic
radiosurgery and whole brain radiation has been the
cornerstone of treatment for brain metastases. Preclinical data

suggest that radiation therapy may potentiate antitumor
immunity through a variety of mechanisms. These include
upregulation of MHC class I [59] and PD-L1 [60] on cancer cells,
induction of immunological tumor cell death through T cell
infiltration [61], activation of dendritic cells [62] and secretion of
multiple inflammatory cytokines and chemokines such as TNFα,
IFN-γ and CXCL16 [61]. Because of this, the combination of
radiation therapy and checkpoint inhibition has been evaluated
in several recent trials. For example, safety and efficacy were
reported in melanoma patients receiving nivolumab and
stereotactic radiation for the treatment of brain metastasis [63].
In this retrospective study, 26 patients with metastatic brain
disease were treated with stereotactic radiation before, during
and after nivolumab. The treatment was well-tolerated with a
median OS after nivolumab of 12 months, with 12-month local
and distant brain metastasis control rates of 85% and 53%.

Anti-PD-1 Refractory Disease
To improve the clinical outcome in patients with anti-

PD-1/PD-L1 resistant tumors, innate and acquired resistance
mechanisms of PD-1 inhibitors have been extensively studied. So
far, several resistance mechanisms have been suggested
including: 1) Constitutive activation of WNT/β-catenin signaling
pathway leading to lack of T cell infiltration [64]; 2) loss of PTEN
increasing expression of immunosuppressive cytokines and
decreasing T cell infiltration [65]; 3) expression of indoleamine
2,3-dioxygenase (IDO) which suppresses effector T cells and
activates regulatory T cells [66]; 4) upregulation of genes
involving mesenchymal transition, cell adhesion, extracellular
matrix remodeling, angiogenesis and wound healing [67]; 5) loss
of function mutations in the genes encoding Janus kinase 1
(JAK1) or Janus kinase 2 (JAK2) resulting in insensitivity to the
anti-proliferative effects of interferon γ on cancer cells [68]; and
[6] mutations in the gene encoding beta 2 microglobulin leading
to loss of expression of major histocompatibility complex (MHC)
class I [68].

With improved understanding of these resistance
mechanisms, several combination approaches employing
PD-1/PD-L1 blocking agents with other therapeutic modalities
are undergoing evaluation to overcome this resistance and
improve clinical outcomes. Such modalities include targeting
other immunosuppressive molecules such as CTLA-4, LAG-3,
TIM-3 and IDO. Other potential targets include combinations
with CD137 or OX-40 agonists, TLR agonist, oncolytic
virotherapy, cancer vaccines and adoptive T cell therapies.

Conclusion
The efficacy and safety of PD-1/PD-L1 blocking agents have

been validated across a wide spectrum of cancer types, and
PD-1/PD-L1 blockade has changed the landscape of cancer
therapy. In addition to current anti-PD-1/PD-L1 antibody FDA-
approvals for metastatic melanoma, NSCLC, RCC, urothelial
cancer and head and neck SCC, approvals for additional cancer
types are anticipated the near future. Despite the remarkable
success of PD-1/PD-L1 blockade, however, durable clinical
responses are still limited in subgroups of patients, and
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numerous studies are ongoing to try and improve clinical
outcomes.
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