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Summary

The vast majority of tumours are characterised by high fre-
quencies of genetic and epigenetic alterations resulting in
tumour-specific antigens, which may, in principle, be re-
cognised by cytotoxic T cells. Though early clinical im-
munotherapy trials have yielded mixed results with am-
biguous clinical benefit, cancer immunotherapy is now at-
tracting increasing attention as a viable therapeutic option,
mainly in melanoma and lung cancer, but increasingly also
in other malignancies. In particular, recent therapeutic ef-
forts targeting inhibitory receptors on T cells to overcome
tumour-induced immune dysfunction have the potential to
reshape current treatment standards in oncology. The clin-
ical development has been pioneered by the antibody
ipilimumab, which blocks cytotoxic T-lymphocyte-associ-
ated antigen 4 (CTLA-4) and has demonstrated survival
benefit in two randomised landmark trials in melanoma.
Capitalising on this success, the research on the clinical
implication of T cell checkpoint inhibition has been boos-
ted. Early clinical trials have demonstrated meaningful re-
sponse rates, sustained clinical benefits with encouraging
survival rates and good tolerability of next-generation
checkpoint inhibitors, including programmed death-1
(PD-1) and programmed death ligand 1 (PD-L1) inhibitors,
across multiple cancer types. Attractive perspectives in-
clude the concurrent blockade of immunological (non-re-
dundant) checkpoints, which has recently been demon-
strated using combinations of immune checkpoint modu-
lators themselves or with other therapies, such as chemo-
therapy, targeted therapy or radiotherapy. This article sum-
marises the mechanism of action and subsequent clinical
studies of immune checkpoint antibodies in oncology with
a particular focus on melanoma and lung cancer.
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Introduction

Though early clinical immunotherapy trials have yielded
mixed results with ambiguous clinical benefit [1], cancer
immunotherapy is attracting increasing attention as a viable
therapeutic option, and is now regarded as the fourth
cornerstone of anti-cancer treatment. The increasing know-
ledge as to how the immune system works, in particular
with regard to chronic viral infections and cancer, has
paved the way for the rational development of novel treat-

Figure 1

Blockade of CTLA-4 or PD-1 signalling in anti-cancer
immunotherapy:
The T cell priming phase is schematically depicted on the left site. T
cells engage APCs, such as dendritic cells (DCs) via their t-cell
receptor (TCR). Recognition of the cognate MHC/peptide complex
by the TCR results in the intracellular transmission of an activating
signal in the T cell, which is complemented by a co-activating signal
provided by the CD28/B7 interaction. In order to down-modulate T
cell priming and expansion CTLA-4 is up regulated on activated T
cells after 2–3 days and competes with CD28 for B7. CTLA-4
blocking antibodies can therapeutically inhibit the co-inhibitory
signal provided by CTLA-4.
On the right site the effector phase is outlined. During this phase
immune effector function can be dampened by PD-1/PD-L1
interaction. PD-1 or PD-L1 blocking antibodies can therapeutically
inhibit the co-inhibitory signal provided by the PD-1/PD-L1
interaction and restore effector function in tumour resident effector
T cells.
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ment strategies. The latter are designed to activate and/or
re-activate effector cells of the immune system, in particu-
lar tumour reactive T cells.
The ability of the immune system to distinguish self from
non-self and to mount a vigorous attack against foreign in-
vaders such as viruses and bacteria provides the basis for
the rapid and specific clearance of most infections. The
concept of cancer immuno-editing [2, 3] postulates that the
immune system is able to detect and eliminate most tu-
mours at an early, clinically non-detectable state. However
some tumours are not completely destroyed and equilibri-
um is reached between tumour growth and destruction by
the immune system. Though this balanced state can last
for years, many, if not most, tumours eventually escape
immune-surveillance and become clinically detectable.
A major hurdle for immunotherapeutic approaches is that
a plethora of mechanisms are active at the tumour site,
which act in concert to counteract effective anti-tumour im-
munity. Tumours do exploit similar molecular and cellular
mechanisms, which under physiological conditions main-
tain tolerance and prevent immune-mediated damage. The
immune-suppressive armamentarium of the tumour micro-
environment encompasses diverse cell types (e.g. regu-
latory T cells and myeloid derived suppressor cells) as
well as molecular mechanisms, such as soluble factors (e.g.
TGF-β, IL-10, IL-3, SCF), cell restricted, immuno-sup-
pressive molecules (e.g. arginase, IDO), and the expression
of co-inhibitory receptors on tumour resident effector cells
(e.g. CTLA-4, PD-1, Tim-3, Lag-3 and BTLA as well as
their ligands). The latter are commonly referred to as “im-
mune checkpoints”. The interplay of all these factors and
co-inhibitory receptor-ligand interactions leads to a state
of functional exhaustion in tumour-specific effector cells,
such as T cells, at the tumour site [4]. Hence, treatment
strategies which aim at blocking these immune checkpoints
may restore immune cell proliferation and effector function
and help to overcome immune resistance. Therapeutic in-
hibition of CTLA-4 has provided the first evidence for
the clinical relevance of this strategy [5]. CTLA-4 seems
to regulate T cells predominantly during the early phase
of activation. T cells do recognise their cognate antigen
presented on major histocompatibility complexes (MHC)
by antigen presenting cells (APCs). However, in addition
to this first signal transmitted via the T cell receptor (TCR)
a second, co-stimulatory signal is required to initiate full
T cell expansion and activation. This second signal is
provided by the B7 co-stimulatory molecules B7–1 (CD80)
and B7–2 (CD86), which are expressed on mature APCs
[6]. To avoid excessive T cell proliferation, activated T
cells up-regulate CTLA-4 following peptide-MHC engage-
ment [7]. By competing with the CD28 co-stimulatory re-
ceptor on T cells for binding to B7–1 and B7–2 on APCs,
CTLA-4 dampens T cell responses, thereby avoiding tissue
damage under physiological conditions. It should be further
noted that CTLA-4 is constitutively expressed on tumour
resident regulatory T cells, which are part of the immuno-
suppressive tumour micro-environment. Mouse models
have demonstrated that CTLA-4 targeting antibodies hold
the potential to decimate this regulatory T cell subset by
antibody-dependent cellular cytotoxicity (ADCC) [8].

During the T cell effector phase, which follows the priming
and expansion phase, other immune checkpoint molecules
such as PD-1 are up-regulated. PD-1 appears to play a more
prominent role in modulating T cell activity in peripher-
al tissues via interaction with its ligands, PD-L1 (B7–H1,
CD274) and PD-L2 (B7–DC, CD273), which are up-regu-
lated under inflammatory conditions, mediated, in part, by
type I and type II IFNs. Of note, PD-L1 and to a lesser
extent, PD-L2 are expressed on many human solid and
haematological tumours [9]. Figure 1 summarises the
blockade of PD-1 or CTLA-4 signalling in tumour immun-
otherapy. Together, these findings suggest that interrupting
the PD-1:PD-L1/PD-L2 interaction could be an effective
anti-cancer therapy by blunting inhibition of immune re-
sponses in the tumour micro-environment. In the follow-
ing sections current immunotherapeutic approaches are re-
viewed. As currently the most advanced results from clin-
ical trials including randomised phase III trials have been
reported for malignant melanoma and non-small cell lung
cancer (NSCLC), we decided to place a particular focus on
these two cancer types.

Immunotherapy for melanoma

In 1998 high dose interleukin-2 (IL-2) (Proleukin®) was
approved as a first immunotherapeutic agent for the treat-
ment of metastatic melanoma based on its ability to elicit
durable responses [10, 11]. However, high toxicity and lack
of survival benefit in randomised clinical trials have pre-
vented its general acceptance. Later, the combination of
IL-2 with a gp100:209–217(210M) peptide vaccine was
shown to increase the clinical response rate, yet no signific-
ant benefit in overall survival (OS) has been observed [12].

Vaccines
There are two main mechanisms, by which vaccines exert
their activity: (a) tumour cell vaccines or whole-cell vac-
cines expose the immune system to a variety of tumour an-
tigens; (b) antigen-based vaccines consist of a specific an-
tigen expressed on the tumour cell. The latter technology
requires identification of that specific antigen on the host’s
tumour to be effective. The vaccines are generally paired
with immune – activating adjuvants. Though the potential
of vaccines for therapeutic efficacy has been extensively
demonstrated in tumour models, their clinical benefit has
still not been documented in phase III trials. Along this
line, a large phase III randomised, blinded, placebo-con-
trolled trial of the recombinant MAGE-A3 and AS15 ad-
juvant failed to reach its first co-primary endpoint, which
was to significantly extend disease-free survival (DFS)
when compared to placebo in stage IIIB/C melanoma pa-
tients with macroscopic nodal disease, whose tumours ex-
pressed the MAGE-A3 gene and had their tumours re-
moved surgically. Melanoma-associated antigen-A3
(MAGE-A3) is a cancer-testis antigen, with unknown func-
tion, but the expression is associated with worse prognosis
[13]. Interestingly, promising signs of clinical benefit have
been demonstrated in a phase II trial in early metastatic
melanoma [14], especially in patients expressing a specific
immune gene signature. This apparent association with
clinical outcome confirms mechanistic work in mice on the
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existence of a cancer immune phenotype conducive to im-
mune responsiveness [15]. Other attempts of anti-cancer
vaccines included T-VEC or Talimogene laherparepvec, a
type of an oncolytic immunotherapy. In a randomised pro-
spective phase III trial (OPTIM), 436 patients with stage
IIIB, IIIC or IV melanoma were randomised in a 2:1 ratio
to receive either intralesional T-VEC or subcutaneous GM-
CSF. T-VEC significantly improved durable response rates
(DRR), but failed to extend OS. The objective response
rate (ORR) with T-VEC was 26% versus 6% with GM-
CSF. A trend towards an improved OS was shown. A tol-
erable safety profile of the vaccine was observed [16].
Potential combination therapies with immune-checkpoint
blockade and rapid progress in technologies that enable
better vaccine design raise the expectation that clinically
effective vaccine approaches will belong to the immuno-
therapy armamentarium in the future.

Immune checkpoint inhibitors

Recent therapeutic efforts targeting inhibitory receptors on
T cells to overcome tumour-induced immune dysfunction
have reshaped current treatment standards in advanced ma-
lignant melanoma. The clinical development has been pi-
oneered by the CTLA-4 blocking antibody ipilimumab
(Yervoy®), which was approved in 2011 and was the first
agent with a documented survival benefit in two random-
ised landmark trials in melanoma [17, 18]. In a phase III
clinical trial 676 heavily pre-treated patients with advanced
melanoma received either ipilimumab alone or in com-
bination with a gp100–derived peptide vaccine compared
to gp100 alone [18]. Remarkably, an improved median
OS was found for patients treated with ipilimumab inde-
pendent of an additional treatment with the vaccine (10.0
months and 10.1 months in arms with ipilimumab plus
gp100 and ipilimumab alone, respectively) compared to
6.4 months with gp100 alone (Hazard ratio, HR 0.68, p
<0.001 and HR 0.66, p = 0.003). A second phase III study
randomly assigned 502 patients with previously untreated
metastatic melanoma and compared ipilimumab plus da-
carbazine with dacarbazine plus placebo [17]. Addition of
ipilimumab to the chemotherapy led to an increase in OS
of 11.2 months versus 9.1 months (HR 0.72, p <0.001).
Durability of clinical responses has evolved as a hallmark
characteristic of antibodies blocking immune checkpoints.
Pooled data from 4846 patients who received ipilimumab
within clinical studies or expanded access programmes
showed a median OS of 9.5 months. Remarkably, the pa-
tients experienced a survival plateau at 20–25% after 3
years that extended through at least 10 years [19]. Further-
more, re-exposition with ipilimumab of patients who pro-
gressed upon responding to the first treatment for more
than 3 months led to a response rate of almost 20% and
>65% disease control rate [20]. Of note, the survival bene-
fit of ipilimumab has been observed across all lines of ther-
apy, treatment regimens and dose levels.
Capitalising on the success of CTLA-4 blockade, the re-
search on the clinical implication of T cell checkpoint in-
hibition has been boosted and next-generation agents such
as antibodies targeting the PD-1/PD-L1 signalling axis
have been developed. Table 1 provides an overview of

phase I trials including anti-PD-1 or –PD-L1 monoclonal
antibodies (mAbs) in metastatic melanoma. Nivolumab
(MDX-1106 or BMS-936558) is a fully human IgG4 PD-1
antibody. In a first phase I dose-escalation trial, nivolumab
was investigated in 39 patients with advanced tumours
such as metastatic melanoma, colorectal cancer (CRC),
castrate-resistant prostate cancer (CRPC), NSCLC, or renal
cell carcinoma (RCC) [21]. The antibody was generally
well tolerated. Extensions of the phase I study with 296 pa-
tients showed an objective response rate (ORR) in 28% of
patients with pre-treated melanoma [22]. Notably, object-
ive responses were durable as 19 of 26 reported responses
were ongoing at the time of data analysis. In a follow up
analysis of this trial the median OS was 16.8 months, and
1- and 2-year survival rates were 62% and 43%, respect-
ively [23]. Very recently, nivolumab has been approved by
the Japanese healthcare authorities for treatment of unre-
sectable melanoma. As so far only a limited number of pa-
tients have been treated, further follow-up in a post-mar-
keting setting is required.
Pembrolizumab (MK-3475) is a humanised IgG4 mono-
clonal antibody against PD-1. In a phase I trial, 135 patients
with advanced melanoma received pembrolizumab [24]. A
clinical response was seen in 38% of patients with most re-
sponses ongoing at the time of data cut-off. Remarkably,
previous treatment with ipilimumab did not affect the clin-
ical benefit as significant responses were as common and
robust as in patients who had not received ipilimumab be-
fore. In Switzerland pembrolizumab is currently available
through an early access programme (EAP) by MSD Merck
Sharp & Dohme. The EAP is open for patient inclusion in
selected tumour centres in Switzerland.
Several antibodies are now in clinical development, aimed
at blocking PD-L1, the ligand of PD-1. BMS-936559 was
shown to be safe and clinically active across multiple tu-
mour types in a phase I trial [25]. From 55 pre-treated pa-
tients with advanced melanoma, 9 showed an overall re-
sponse (3 complete remissions and 6 partial remissions).
A total of 5 patients had a response lasting at least 1 year,
and 5 were still ongoing at time of data analysis. In ad-
dition, 14 of 55 patients (27%) had stable disease (SD)
for at least 24 weeks. However, further development of
BMS-936559 was stopped. A phase I study investigating
MPDL3280A, a genetically engineered IgG1 anti-PD-L1
mAb, in 45 patients with different histological subtypes
of melanoma showed encouraging results with an ORR of
28% and a progression-free survival (PFS) rate of 41% at
24 weeks [26].
As a next step, the effect of combination therapies was ex-
plored. Concurrent treatment with nivolumab and ipilim-
umab in pre-clinical models showed encouraging results
with synergistic anti-tumour activity [27], providing the ra-
tionale for a subsequent phase I dose-escalating study. In
the study 69 patients with advanced melanoma who were
all previously treated received concurrently nivolumab at
doses of 0.3, 1 or 3 mg/kg and ipilimumab at 3 mg/kg. A
total of 14 of 37 patients (38%) showed a radiographic re-
sponse. One third of patients achieved rapid and profound
tumour responses with more than 80% tumour reduction
at week 12 and rapid resolution of symptoms. At the dose
level of 1 mg/kg nivolumab and 3 mg/kg ipilimumab that
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was chosen for further trials, 100% (9) patients achieved
a reduction of tumour volume >80%. Responses were dur-
able for up to 100 weeks at the time of the data cut-off.
However, the encouraging clinical results come at a cost
of significantly increased immune-related adverse events
[28]. Though the latter appear manageable, the safety pro-
file needs be considered in future trials.
Combinatorial approaches other than checkpoint inhibitors
have been investigated, such as the combined treatment
with MAPK-targeted therapy and immunotherapy. While
combined CTLA-4 and BRAF inhibition in BRAFV600
mutated melanoma takes advantage of non-overlapping
mechanisms of action and thus appears to be an intuitive
and exciting approach, so far phase I data revealed sig-
nificant dose-limiting hepatotoxicity with the combination
of ipilimumab and vemurafenib [29]. A phase I trial of
bevacizumab + ipilimumab showed an impressive anti-tu-
mour activity with manageable toxicity [30]. A large vari-
ety of other combination strategies are currently explored
in early-phase trials, each with a compelling pre-clinical ra-
tionale. Future challenges include the proper sequencing,
timing and dosing of combination therapies.

Immunotherapy in lung cancer

Historically, lung cancer has not been considered sensitive
to immune-based therapies and was believed to be a non-
immunogenic tumour [31]. Most lung cancer patients
present with metastatic disease and are immune suppressed
with decreased peripheral und tumour lymphocyte counts
[32, 33]. Regulatory T cells (Tregs-CD4+) play a key role
in the suppression of the tumour immune surveillance by
suppressing cytotoxic T lymphocytes (CD8+ T cells).
Tregs have been found at higher levels in peripheral blood
and tumour environment in patients with lung cancer [34].
On the other hand, a high number of tumour-infiltrating
Tregs, CD8+ T cells, natural killer cells, and/or dendritic
cells has been associated with improved patient survival
[35–40]. Based on promising results of immunotherapeutic
approaches in other solid tumours and the development of
new molecules unleashing the immune system, immuno-
therapy has again raised interest in the treatment of lung
cancer. Strategies to actively enhance the immune response
in lung cancer include vaccination to stimulate antibody
and T-cell responses to cancer cells and use of immune
checkpoint inhibitors to boost T-cell immune responses to
lung cancer cells.

Vaccines
Belagenpumatucel-L (Luxanix, NovaRx Corporation, San
Diego, CA, USA) is an allogeneic tumour cell vaccine
composed of four different NSCLC cell lines (H460, H520,
SKLU-1, and RH2), which are genetically modified to sup-
press the expression of transforming growth factor-beta
(TGF-β), an important cytokine associated with local im-
munosuppression in lung cancer [41]. In a randomised
phase II trial 75 patients with stage II-IV NSCLC pre-
treated with chemotherapy were enrolled and treated with
three different doses of belagenpumatucel-L [41]. A sur-
vival advantage for patients treated with higher doses was
reported. The safety and tolerability of the vaccine was ac-
ceptable. Based on these results, belagenpumatucel-L was
tested as maintenance treatment in a randomised phase
III trial (STOP) in patients with stage IIIA, IIIB, and IV
NSCLC, whose disease was stable or responding to first-
line platinum-based chemotherapy. A total of 532 patients
were randomised to belagenpumatucel-L or placebo.
Belagenpumatucel-L was given by one monthly and two
quarterly intradermal injections. This trial did not meet its
predefined primary end point in the entire patient popula-
tion; median OS was 20.3 months with the vaccine com-
pared to 17.8 months with placebo (HR 0.94; p = 0.594)
[42]. Significantly prolonged OS with belagenpumatucel-
L was however demonstrated in patients who started vac-
cination within 12 weeks of the completion of front-line
chemotherapy, had prior radiotherapy and with non-ad-
enocarcinoma histology. These data, along with its safety
profile, support the continued development of
belagenpumatucel-L for this indication.
MAGE-A3 is expressed in 35% of early and 55% of ad-
vanced stages of NSCLC. The MAGE-A3 vaccine was
evaluated in a randomised phase II trial in patients with
surgically resected NSCLC stage Ib-II [43]. In total, 182
patients were randomised between MAGE-A3 (five intra-
muscular injections every three weeks followed by eight
injections once every three months) and placebo. With a
median follow-up time of 28 months, the tumour recur-
rence rate was 30.6% in the vaccine-treated patients versus
43.3% in the placebo-treated patients. While there was a
non-significant difference in the DFS in the entire popula-
tion, an exploratory analysis of a sub-population of patients
with an immunogenic gene signature showed a signific-
antly reduced risk of cancer recurrence [44]. The random-
ised phase III MAGRIT trial randomised patients with re-
sected stage IB-IIIA MAGE-A3–positive NSCLC, to either

Table 1: Overview of phase I trials including anti-PD-1 or -PD-L1 monoclonal antibodies in metastatic melanoma.

Target Agent n ORR% CR OS
1 yr 2 yr

PD-1 Pembrolizumab
(10 mg/kg q2, 10 mg/kg q3, 2 mg/kg q3)

135 32% 9% 81% n.a.

Nivolumab + peptide vaccine
(1, 3, 10 mg/kg q2)

87 25% 2% n.a. n.a.

Nivolumab
(0.1, 1, 3, 10 mg/kg q2)

107 31% ? 62% 43%

PFS 24 weeks
PD-L1 MPDL3280A

(0.3, 1, 3, 10, 20 mg/kg q2)
45 28% ? 41%

BMS-936559
(0.3, 1, 3, 10 mg/kg q2)

52 17% 6% 42%
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vaccination or placebo after adjuvant chemotherapy. For
this trial more than 11’000 patients were screened. Ultim-
ately 2270 patients were enrolled. In a press release in
March 2014 the company GSK announced that the trial did
not meet its first co-primary endpoint of DFS.
Mucinous glycoprotein-1 (MUC-1) is a tumour-associated
antigen associated with oncogenesis and resistance to
chemotherapy [45]. Tumour-associated MUC-1 is aber-
rantly glycosylated [46] and over-expressed in approxim-
ately 60% of lung cancers [47]. L-BLP25 (tecemotide,
Stimuvax, Oncothyreon, Seattle, WA, USA) incorporates a
synthetic MUC-1 lipopeptide and monophosphoryl lipid A
within a liposomal delivery system. In a randomised phase
II trial 171 patients with stage IIIB/IV NSCLC were ran-
domly assigned to best supportive care or vaccine with cyc-
lophosphamide. The authors observed a pronounced trend
in 2–year OS in favour of L-BLP25, in particular in pa-
tients with stage IIIB disease [48]. Recently, the results of
the START trial, a randomised phase III trial with 1239
patients with unresectable stage IIIA/IIIB NSCLC non-
progressive following chemo- and radiotherapy have been
presented [49]. OS was not significantly prolonged with L-
BLP25 versus placebo (median OS 25.6 vs. 22.3 months,
HR 0.88, p = 0.123). However, in the large sub-group
of patients receiving concomitant chemoradiotherapy there
was a statistically significant OS benefit for the vaccination
group (median OS 30.8 vs. 20.6 months, HR 0.78, p =
0.016).
TG4010 contains a genetically modified virus that ex-
presses MUC-1 and IL-2 [50]. This vaccine was evaluated
in patients with stage IIIB/IV MUC-1–positive NSCLC in
addition to chemotherapy (cisplatin/gemcitabine) in a ran-
domised phase II trial [50]. There was no difference in
the outcome parameter of both arms of the trial. In an ex-
ploratory sub-group analysis, benefit was reported in the
TG4010–treated group with normal levels of activated nat-
ural killer cells at baseline. The ongoing randomised phase
III TIME trial includes patients with stage IV NSCLC and
adds TG4010 or placebo to standard first-line chemother-
apy (NCT01383148).

Immune checkpoint inhibitors
In contrary to vaccines, immune checkpoint inhibitors have
so far only been investigated in advanced/metastatic lung
cancer and mainly in pre-treated patients.
The activity of ipilimumab (10 mg/kg) in combination with
paclitaxel and carboplatin was evaluated in a randomised
phase II trial in patients with chemotherapy-naïve stage
IIIB/IV NSCLC [51]. Patients were randomly assigned to
a concurrent ipilimumab regimen, a phased ipilimumab re-
gimen, or a control regimen. Patients without progression
received maintenance treatment with either ipilimumab or
placebo (control arm). Anti-tumour responses were highest
in the phased ipilimumab group. The immune-related PFS
(ir-PFS) as primary endpoint was significantly prolonged
in patients receiving the phased schedule of ipilimumab
versus chemotherapy alone (median ir-PFS 5.7 vs. 4.6
months, HR 0.72, p = 0.05). Combining ipilimumab with
paclitaxel and carboplatin did not increase overall
treatment-related toxicities. In a pre-specified subset ana-
lysis ipilimumab significantly improved the activity of

chemotherapy in patients with squamous histology. Cur-
rently, a phase III study of phased ipilimumab with chemo-
therapy is accruing patients with squamous cell lung car-
cinoma (NCT01285609).
In a parallel phase II trial for patients with extensive small-
cell lung cancer with the same three treatment arms, a sig-
nificant benefit of the phased schedule of ipilimumab and
chemotherapy has been reported (median ir-PFS 6.4 vs. 5.3
months, HR 0.64, p = 0.03) [52].
In a phase I trial nivolumab monotherapy was administered
to patients with various solid tumours, including 129 pa-
tients with NSCLC [22, 53]. Patients received one of five
different nivolumab doses, ranging from 0.1 mg/kg to 10
mg/kg every two weeks. In NSCLC patients, objective re-
sponses were observed in patients across doses of 1–10 mg/
kg and in all histological subtypes. With extended treat-
ment, the median response duration for the 3 mg/kg dose
had not been reached at the time of analysis (range, 16.1+
to 133.9+ weeks). The dose of 3 mg/kg has been selected
for further trials. Currently, nivolumab is evaluated in sev-
eral phase III trials. The CheckMate 017 trial
(NCT01642004) for squamous and the CheckMate 057 tri-
al (NCT01673867) for non-squamous NSCLC completed
recruitment of patients after failure of platinum-based
chemotherapy, which were randomised between nivolumab
and docetaxel. The CheckMate 026 trial is a randomised
trial for the first-line setting comparing nivolumab to in-
vestigator’s choice chemotherapy in PD-L1 positive
NSCLC (NCT02041533). Additional trials are ongoing, in-
cluding a combination trial with ipilimumab and nivolu-
mab in advanced or metastatic solid tumours, including
NSCLC (NCT01928394).
In the KEYNOTE-001 trial treatment-naïve NSCLC pa-
tients with PD-L1 expression were randomised between
two schedules of pembrolizumab (10 mg/kg every two
or every three weeks) [54]. The ORR was 26% and the
rate of disease-stabilisation was 64% (independent review).
All responses are ongoing at the time of data-cut-off. The
KEYNOTE-010 trial randomises NSCLC patients to do-
cetaxel or pembrolizumab in the second-line setting
(NCT01905657). The KEYNOTE-024 trial compares pem-
brolizumab to platinum-based doublet chemotherapy in
treatment-naïve patients with PD-L1 positive metastastic
NSCLC (NCT02142738).
The first in human trial of the anti-PD-L1 monoclonal
antibody (BMS-936559) also included patients with ad-
vanced NSCLC [25]. The maximum-tolerated dose was not
reached. In an expansion cohort including 75 patients with
pre-treated metastatic NSCLC objective responses and
long lasting disease stabilisations were seen irrespective of
the histological subtype.
In an interim analysis of the phase I dose escalation/ex-
pansion study in patients with solid tumours treated with
MPDL3280A, the ORR in the 40 patients with pre-treated
NSCLC was 23%, and all responses were ongoing or im-
proving at data cut-off (range, 1+ to 214+ days). The rate
of PFS at 24 weeks was 46% [55]. Two phase II trials
(FIR, NCT01846416 and BIRCH, NCT02031458) in PD-
L1 positive NSCLC investigated ORR and safety. The ran-
domised phase III trial OAK (NCT02008227) compares
MPDL3280A to docetaxel in the second-line setting. As
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early trials have shown higher response rates in patients
with PD-L1 positive tumours as determined by immuno-
histochemistry, patients have been selected on the basis of
PD-L1 expression. However, it needs to be emphasised that
patients with PD-L1 negative tumours showed clinically
important responses. Therefore, the role of PD-L1 immun-
ohistochemistry as a predictive marker for anti-PD-(L)1
antibodies has not yet been established. An additional is-
sue which currently complicates the introduction of PD-L1
status is that the immunohistochemical assay has not been
standardised. Important questions such as the specificity of
antibodies used and the role of PD-L1 expression in tu-
mours versus non-tumour stromal cells need to be solved in
the near future.
In a Phase I dose-escalation study (Study 1108) of the anti-
PD-L1 antobody MEDI4736 in 27 patients with advanced
solid tumours including NSCLC, reduction of tumour bur-
den was seen at multiple dose levels as early as six weeks
after treatment initiation. Clinical activity was maintained
for at least one year, with 19% of patients achieving a par-
tial response and 39% of patients achieving disease control
[56].

Immunotherapy in other solid
tumours

Numerous vaccines and immune checkpoint inhibitors are
under investigation in various solid tumours. However, the
only approved drug is sipuleucel-T (provenge®, Dendron)
for the treatment of metastatic CRPC (mCRPC).
Sipuleucel-T is a type of therapeutic cancer vaccine con-
sisting of autologous peripheral-blood mononuclear cells
(PBMCs), including antigen-presenting cells (APCs), that
have been activated ex vivo with a recombinant fusion pro-
tein (PA2024) [57]. PA2024 consists of a prostate anti-
gen, prostatic acid phosphatase that is fused to granulo-
cyte–macrophage colony-stimulating factor, an immune-
cell activator. Up to now, three phase III trials with
sipuleucel-T have been published. The D9901 trial ran-
domised 127 patients with asymptomatic mCRPC to
sipuleucel-T or placebo[58]. Time to progression (TTP)
was the primary endpoint of the trial and was not different
in the two treatment arms. However, OS as the secondary
endpoint in the trial was significantly prolonged in patients
treated with sipuleucel-T (median OS 25.9 vs. 21.4 months,
p = 0.01). Similarly, a second trial (D9902A) showed an
improved OS for sipuleucel-T (median OS 19.9 vs. 15.7
months). However, this result was not statistically signific-
ant (p = 0.331). A combined analysis of both trials showed
a relative risk reduction in mortality of 33% for patients

Table 2: Frequent immune-related adverse events reported with
immune checkpoint inhibitors. Adapted from Davies et al. [69].

Organ Adverse events

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

Endocrine Hypothyroidism, hyperthyroidism, hypopituitarism,
hypophysitis, adrenal insufficiency

Gastrointestinal Diarrhoea, colitis, hepatitis, pancreatitis

Pulmonary Pneumonitis, pulmonary oedema

Ocular Uveitis, episcleritis

treated with sipuleucel-T [59]. The IMPACT trial (immun-
otherapy for prostate adenocarcinoma treatment) random-
ised 512 patients to sipuleucel-T or placebo [60]. OS as
the primary endpoint was significantly prolonged (median
OS 25.8 vs. 21.7 months, p = 0.03). The most common
adverse events of sipuleucel-T are fever, chills and head-
ache. Sipuleucel-T is approved in the US. The promising
results of immuntherapeutic approaches in melanoma and
lung cancer gave rise to an enormous scientific interest so
that these agents are currently investigated in nearly all
types of solid tumours.

Toxicities of immunotherapies

Some of the toxicities seen with immunotherapeutic agents
are directly linked to their mode of action as activators
of the immune system. Inhibition of immune checkpoints
such as CTLA-4 and PD-1/PD-L1 will lead to profound ac-
tivation of T-cells, which may recognise self antigens [61].
Table 2 summarises the most common types of immune-re-
lated adverse events reported with immune checkpoint in-
hibitors [18, 22, 24, 25, 28, 51, 62]. Most of the so far pub-
lished trials only have a short follow-up. There is, however,
insufficient knowledge on potential chronic toxicities of
these drugs, particularly in patients with long-term remis-
sions. In the light of clinical trials investigating these drugs
in the adjuvant setting, the safety profile needs to be care-
fully monitored.

CTLA-4 antibody ipilimumab
In a pooled analysis of 325 patients treated with 10 mg/
kg ipilimumab every three weeks for four doses, irAEs of
any grade were observed in 72.3%. G3/4 irAEs were ob-
served in 25.2%, mainly in the gastrointestinal tract (12%),
liver (7%), skin (3%), and endocrine system (3%) [63].
The spectrum of endocrine irAEs includes hypopituitarism
caused by hypophysitis and, more rarely, thyroid disease
or abnormalities in thyroid function tests. Primary adrenal
insufficiency has been reported occasionally as well. For
the management of irAEs specific guidelines have been
established [62, 64]. These include administration of sys-
temic glucocorticoids or other immunosuppressive agents.
Retrospective analysis suggests that patients who experi-
ence G3/4 irAEs may be more likely to benefit from anti-
CTLA-4 therapy [65–67].

Anti-PD-1/-PD-L1 agents
In the initial phase I trial with nivolumab including 39 pa-
tients, no maximum tolerated dose (MTD) was identified
and most AEs were immune-related [21]. No G3/4 irAEs
were observed in the 4 weeks following the first dose of ni-
volumab. One serious treatment-related AE of inflammat-
ory colitis occurred and improved after administration of
infliximab and steroids. No patient developed anti-nivolu-
mab antibodies during the study period. In the expanded
cohort with 304 patients G3/4 drug-related AEs occurred
in 14% of patients, including three deaths from pneumonit-
is [22]. The most common drug-related AEs, however, in-
cluded pruritus, rash, fatigue, nausea, decreased appetite,
and diarrhoea; most of these (166/207 across grades) were
of low grade. AEs with possible immune-related causes oc-
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curred in 41% of patients and included vitiligo, hepatitis,
pneumonitis, colitis, thyroiditis, and hypophysitis.
However, the overall frequency and intensity of autoim-
mune toxicities seems to be lower as with ipilimumab.
In the initial phase I trial with pembrolizumab including 17
patients, no dose limiting toxicities were reported [68]. In
this initial cohort there were no drug-related AEs of grade
3 or higher. It should be noted, however, that one case of
pneumonitis was treated with corticosteroids (the patient
improved clinically but was subsequently taken off study).
The most common drug-related AEs were pruritus, fatigue,
and nausea. This favourable toxicity profile was confirmed
in the expansion cohort of melanoma, NSCLC and head
and neck cancer patients.
The fact that pneumonitis is one of the side effects of PD-1
antibodies raised some concerns especially for its use in
lung cancer patients. Preliminary results from PD-L1 anti-
bodies suggest that the rate of pneumonitis is lower with
these agents.
In various malignancies combination trials of different im-
mune checkpoint inhibitors or immune checkpoint inhibit-
ors with other targeted agents are ongoing. Although early
clinical results are encouraging, the additional toxicity
needs to be considered.

Conclusions

A better understanding of the role of the immune system
in tumour immunosurveillance has resulted in the develop-
ment of a new generation of immunotherapeutic agents. In
particular, it is now recognised that tumours can evade im-
mune destruction via the dysregulation of co-inhibitory or
checkpoint signals. Results from early phase studies of im-
mune checkpoint modulators such as CTLA-4, PD-1 and
PD-L1 inhibitors in a range of solid tumours including
melanoma and NSCLC are highly promising and may
provide new therapeutic options for the treatment of those
cancers. Future challenges include incorporating immun-
otherapeutic agents either in combination or in sequence
with cytotoxic chemotherapy, molecular targeted therapy
and radiotherapy, its administration in early stage disease
and the identification of predictive biomarkers.
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Figures (large format)

Figure 1

Blockade of CTLA-4 or PD-1 signalling in anti-cancer immunotherapy:
The T cell priming phase is schematically depicted on the left site. T cells engage APCs, such as DCs via their TCR. Recognition of the cognate
MHC/peptide complex by the TCR results in the intracellular transmission of an activating signal in the T cell, which is complemented by a co-
activating signal provided by the CD28/B7 interaction. In order to down-modulate T cell priming and expansion CTLA-4 is up regulated on
activated T cells after 2–3 days and competes with CD28 for B7. CTLA-4 blocking antibodies can therapeutically inhibit the co-inhibitory signal
provided by CTLA-4.
On the right site the effector phase is outlined. During this phase immune effector function can be dampened by PD-1/PD-L1 interaction. PD-1
or PD-L1 blocking antibodies can therapeutically inhibit the co-inhibitory signal provided by the PD-1/PD-L1 interaction and restore effector
function in tumour resident effector T cells.
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