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More than 120 years ago William Coley first tested the
concept of manipulating the immune system to fight cancer by
using bacterial products to treat patients with solid tumors.[1]

Low reproducibility and efficacy and serious side effects led
to a low acceptance in the clinic. At the beginning of the 20th
century Paul Ehrlich, the father of modern immunology,
introduced the concept of the use of antibodies to target
diseases, nowadays often referred to as the “Magic Bullet”.[2]

He proposed that the immune system might control cancer.
The introduction of the hybridoma technology for the
production of monoclonal antibodies by C�sar Milstein and
Georges J. F. Kçhler in 1975 has led to the clinical introduc-
tion of multiple antibodies to fight cancer.[3] Truly immune-
stimulating approaches included the landmark trials of
interferon-a and later high doses of interleukin-2 (IL-2) as
well as so-called lymphokine-activated killer cells in patients
with multiple tumor types.[4, 5] Although antibodies to fight
cancer are well-established in the clinic, the use of the
patient�s immune system to reject cancer—commonly called
cancer immunotherapy—struggled as a means of achieving
sustained clinical success by awakening the patient�s own
immune system (Figure 1). Recent promising clinical trials of
antibodies that target the protein–protein interactions of the
receptor for programed death (PD), however, give cause for
serious hope and they are considered to be a “game changer”
in the area of cancer treatment. The immuno checkpoint
drugs that target the programmed death-1 receptor (PD-1)

and its ligand (PD-1L) have now been selected as the drug of
the year for 2013.[6]

An important element of the multilayered immune system
is the adaptive immune system, which ultimately leads to
immunological memory by signature antigens. According to
the current understanding of T-cell activation, two signals are
required: 1) a specific peptide epitope of the antigen must be
presented on the major histocompatibility complex (MHC)
and this must bind to the T-cell receptor to give specificity to
the immune response. 2) A faster and stronger attack must
occur each time this pathogen is encountered. Although it was
mostly believed in the last century that tumors are non-
immunogenic, nowadays it is experimentally established that
cancer cells produce and correctly display multiple antigens in
MHCs and should thus in principle lead to a strong immune
response. The dilemma in cancer immunology, however, is
that, although patients often initially develop active anti-
tumor immune responses, the tumor evades the immune
system and grows further. It has been shown that cancer cells
submerse the immune system by down-modulating the MHC
and co-stimulatory molecules and up-regulating co-inhibitory

Figure 1. Milestones in cancer immunotherapy.
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ligands. Immune checkpoints normally prevent collateral
damage to tissues from an ongoing immune response.
Immune checkpoint molecules bind to their ligands on the
antigen-representing cell (APC), thereby delivering the
second signal for T-cell activation. Cytotoxic T-lymphocyte-
associated antigen 4 (CTLA-4) and PD-1 are two immune
checkpoint receptors currently exciting the oncological com-
munity (Figure 2). Multiple clinical trials have been per-
formed with different types of molecules and targeting two

different immune checkpoint targets (Table 1). The first drug
showing therapeutic efficacy of immune checkpoint inhibition
introduced into clinical practice in 2011 was ipilumumab. It is
an anti-CTLA-4 monoclonal antibody that is active against
advanced melanoma. Ipilumumab was selected as the drug of
the years 2010–2012 as a result of its additional antitumor
activity in advanced renal cell cancer, its capacity to break
tolerance, and its paradigm-shifting mechanism.[7] Unfortu-
nately, ipilumumab therapy is associated with frequent
immune-mediated adverse events.

PD-1, another of these notable “checkpoint” receptors, is
a cell surface membrane protein of 268 amino acids that
functions to maintain tolerance, abrogates the development
of autoimmunity, and minimizes damage to healthy tissue

during infection.[8] Several molecules that target the PD-
1 pathway are currently in clinical trials (Table 1). The recent
clinical results concerning the PD-1 or PD-1 ligand targeting
antibodies are now exciting for several reasons. Remarkable
antitumor activity was reported for nivolumab and lambro-
lizumab, both anti PD-1, at the recent ASCO meeting 2013.
An overall response rate of 30 % and 50 % in melanoma was
found for nivolumab and lambrolizumab, respectively. Nivo-
lumab-induced responses, for example, showed survival rates
of 61% in the first year and 44% in the second year.[9,10]

Similar results were obtained with other anti-PD-1 and anti-
PD-1L antibodies.

Importantly, PD-1L expression on the surface of melano-
ma cells appeares to be a predictive biomarker for selecting
a responsive patient population. Remarkable activity in other
cancers, including lung and renal cell carcinoma, has been
reported with various molecules. Investigation of the effect of
PD-1-targeting drugs in multiple tumor types is now ongoing
and the next decade holds promise for exciting new cancer
treatments. For comparison, the recently approved BRAF
kinase inhibitor zelboraf selectively targets tumor cells with
the BRAFV600E mutation and is used for the treatment of
melanoma. The therapy also showed very high initial
response rates, but after a few months mutations in the target
ATP pocket typically occurred and the corresponding clones
were rapidly amplified, thus rendering the patient completely
unresponsive to the treatment.[11]

Therapeutics intervening with the function of the immune
system are often difficult to control and associated with severe
side effects. For example, the CD28-Super mAb TGN1412
was tested a decade ago in an early clinical trial and led to
a catastrophic systemic organ failure in all patients through an
unforeseen toxic cytokine storm.[12] The so-called immune-
related adverse events (irAEs) of immune checkpoint mAbs
can involve vitiligo, hepatitis, thyroiditis, hypophysitis, and in
severe cases, inflammatory colitis, or pneumonitis. However,
these rarely lead to drug-related deaths (1% in the Topalian
et al. study;[13] at the date of their analysis 21 % patients had
died, mostly through disease progression). Multiple clinical
trials with molecules directed at the PD-1 pathway indicate
their safety. In the cases of severe adverse effects, reduction of
the agents dose is mostly sufficient to control the toxicity.
Current data clearly indicate that anti-PD-1 molecules out-
perform CTLA4-directed ipilimumab in terms of their
efficacy and safety profile.

Figure 2. Structural biology model of major cell-surface contacts
between an antigen-presenting cell (cancer) and a T-cell: the T-cell
receptor major histocompatibility complex located on the T-cell and
a cancer cell and several co-stimulatory intracellular protein–ligand
interactions. The PD-1/PD-1L interaction model is based on the
human NMR structure of PD-1 (3M2D) and the mouse PD-1L (3BIK);
TCR-MHC2 complex (1BD2); CTLA-4/B7-2 complex (1I85). The rele-
vant immune checkpoint mAbs targets are CTLA-4, PD-1, and PD-1L.

Table 1: Biologics targeting co-regulatory receptors currently undergoing clinical trials.

Name[a] Type[b] Originator[c] Clinical evaluation

ipilimumab (Yervoy) CTLA-4-directed mAb Bristol Myers Squibb (BMS) 2011 FDA approved for the treatment of metastatic melanoma
nivolumab PD-1-directed mAb Bristol Myers Squibb (BMS) phase III : renal cell cancer, melanoma, NSCLC[a]

lambrolizumab PD-1-directed mAb Merck & Co. phase II: melanoma[a]

MPDL3280A (RG7446) PD-1L-directed mAb Roche-Genentech melanoma, solid tumors[b]

pidilizumab CTLA-4-directed mAb CureTech phase II: colorectal cancer, melanoma, DLBCL[a]

MEDI4736 PD-1-directed mAb AstraZeneca phase II: melanoma, solid tumors[a]

tremelimumab CTLA-4-directed mAb Pfizer/
MedImmune

phase I/II metastatic melanoma

[a] Data from http://www.clinicaltrials.gov. [b] mAb =monoclonal antibody. [c] Data from Roche Pipeline http://www.roche.com.
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Experimental therapies directed at the immune check-
point interaction of the PD-1 pathway are already celebrated
as the “most exciting new melanoma agents”, being a “tsuna-
mi” in immune cancer therapy, and have been elected “The
drug of the year 2013”.[6,14] Moreover, based on the exciting
clinical performance, lambrolizumab was recently awarded
a breakthrough designation by the FDA, a mechanism to
expedite the development and review of promising new drugs
for serious conditions. In addition, the combination of CTLA-
4 blockade and PD1 blockade for the treatment of melanoma
in a large phase I study was one of the highlights of
ASCO2013.[15] The future looks bright for many cancer
patients as well as for science and companies bringing such
breakthrough drugs to the market.
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