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Recent advances in clinical anti-cancer  
immunotherapy

Abstract

Recent successful results with the relatively novel immunotherapeutic 
anti-cancer strategies such as adoptive T cell transfer (ACT), engineered T 
cells with chimeric antigen receptors (CARs), therapeutic Sipuleucil-T vac-
cine and checkpoint blockade inhibitors, do indicate that patient’s immune 
system can be effectively used against autologous tumor cells. Interactions 
between the immune system and the malignancy are complex but the results 
obtained using the above mentioned therapeutic approaches indicate accept-
able clinical utility, efficacy and safety against several types of cancer. Much 
work still lies ahead but the success achieved with these modern immuno-
therapies is undeniable. This paper aims to present a short basic overview of 
these recent advances in cancer immunotherapy, but one should keep in 
mind that this field is in a dynamic stage given its success and that many 
immunotherapeutic agents, not all of them mentioned, are undergoing ac-
tive clinical testing.

 
INTRODUCTION

The established clinical therapeutic modalities for cancer treatment 
are surgery, cytotoxic chemotherapy and radiotherapy applied either 

alone or in combinations depending on the tumor type, tumor stage, 
patient’s general condition and functional organ reserves. The treatment 
intention may be curative or the palliative. Newer molecularly targeted 
drugs and biologic agents have shown activity in some cancers refrac-
tory to traditional chemotherapeutics, but in some tumor types they too 
do not appear to be as effective as initially thought. Besides the primary 
goal of having an effective anti-cancer therapy, the side effects ranging 
from tolerable ones to sometimes even fatal ones should also always be 
taken into account in therapy planning. Moreover, the price of such 
newer drugs and treatments compared to their effectiveness is becoming 
more and more relevant, especially where the cure or long term tumor 
control is not predictable or expected. The monthly prices of newer drugs 
can be up to several tens of thousands of dollars or euros, raising the 
question of cost-effectiveness (1–3).

The idea to use the immune system effector mechanisms against 
autologous tumor cells is an attractive idea, partly based on the proven 
effectiveness (body protection), specificity and tolerable side effects ob-
tained with vaccines against a variety of infectious pathogens. This idea 
that an immune system can also be used against autologous tumor cells, 
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i.e. to recognize autologous tumor cells as body-foreign 
cells can be traced back more than 100 years to the past. 
For example, in works and publications by William B. 
Coley (“Coley’s Toxin”) and by Paul Ehrlich. Later, for 
example, an idea of cancer “immunosurveillance” was 
proposed by Macfarlane Burmet and Lewis Thomas more 
than 50 years ago, where the immune system should have 
a homeostatic role in controlling cancer. When onco-
genic or other mutations occurred, the immune system 
was, in theory, thought to recognize the encoded mutated 
proteins and respond, thereby preventing the develop-
ment of a tumor, at least when the system was operating 
normally (1, 4–9).

Later experimental evidence, mainly from murine tu-
mor models in the second half of the 20th century, sup-
ported this idea of the immune system-based possibility 
of cancer cell elimination. It was demonstrated that the 
immune response against cancer involves different effec-
tor mechanisms of adaptive and innate immunity, with 
the predominant role of cytotoxic CD8+ T cells (CTLs), 
but it may also include antibodies, natural killer (NK) 
cells and granulocytes and macrophages. Despite very ef-
fective and curative anti-tumor responses obtained in 
various experimental animal models, in daily clinical 
practice these various immune-based approaches were 
until recently of limited effectives and consequently of 
limited clinical applicability. Various mechanisms rang-
ing, for example, from low immunogenicity and low ex-
pression of potential tumor antigens on tumor cells, their 
downregulation, presence of various soluble immunosup-
pressive factors and/or cell-bound molecules on regula-
tory (suppressor) immune cells or on tumor cells within 
the tumor microenvironment may have an adverse effect 
on the afferent and the efferent phases of the immune 
anti-tumor response. Due to their similarity to normal 
cells, cancer cells have in fact many ways of evading and 
thus escaping an otherwise possible effective immune re-
sponse against microorganisms and against allogeneic cell 
transplants. It seems that tumor-related antigens may not 
be properly presented, antigens may be recognized as 
“self” and may induce anergy, T-lymphocytes may not be 
appropriately activated, or T-lymphocytes may be exces-
sively inhibited (1, 2, 9–16).

In the past 10 to 15 years, several immunotherapeutic 
approaches have been shown to have promising clinical 
impact. In addition to the relatively high price, for some 
of these approaches, although with promising results, 
there may be a practical problem in the routine applicabil-
ity in a daily busy clinical setting. These newer immuno-
therapeutic approaches include several variations of the 
adoptive T cell transfer therapy (17–22); vaccines (2, 
23, 24) such as the first therapeutic cellular vaccine ap-
proved by the United States Food and Drug Administra-
tion (FDA), Sipuleucel-T (25); and checkpoint blockade 
inhibitors, such as the FDA-approved anti-CTLA4 an-

tibody (mab) (ipilimumab) (26, 27) and the anti-PD-
1:PD-1 ligand mabs (28–32).

The antitumor responses obtained with the vaccine 
and checkpoint immune modulators may be time-delayed 
and mixed (lesions may enlarge before shrinking, lesions 
may remain stable or slowly regress over time). These type 
of tumor response dynamics can be explained by the time 
required for the T-cell activation in vivo, tumor infiltra-
tion, antigen modulations on target (tumor) cells, as well 
as by intra-patient heterogeneity of tumor–host interac-
tions. Also, since an anti-tumor response is usually ob-
tained in only a subset of patients, this also results in 
ongoing studies aiming to identify the response predictors 
(biomarkers) (33–36).

Adoptive T-cell transfer

Adoptive T cell transfer (ACT) immunotherapy em-
ploys the reinfusion of large numbers of autologous T cells 
previously expanded and activated in vitro (ex vivo) with 
high avidity for tumor antigens or cells. The source of 
tumor-specific T cells is either naturally-occurring au-
tologous T cells from the tumor microenvironment (e.g., 
tumor-infiltrating lymphocytes, TILs) or blood or ge-
netically engineered T cells expressing high affinity tu-
mor-specific T cell receptors (TCRs). These cells are ex-
panded in vitro in the presence of various growth factors 
and infused to patients after they normally receive a pre-
parative lymphodepleting regimen. To enhance T-cell 
activation, interleukin-2 (IL-2) might be used. Using these 
approaches, objective responses reaching 50% with last-
ing remissions have been achieved in patients with meta-
static melanoma treated with autologous TILs (17–22).

The main problems or limitations in the clinical devel-
opment and application of ACT pertain to the time re-
quired together with the labor-intensive methods and the 
use of sophisticated technologies to develop and grow 
specific T cell clones or T cell lines in vitro in a sufficient 
number, their short half-life after transfer into the patient 
and the need for an individual development of T cells due 
to HLA-restriction. The in vivo half-life of the transferred 
T cells could be increased after lymphodepletion of re-
cipients before adoptive transfer.

Advances in T cell engineering using lentiviral and 
retroviral vectors carrying genetically engineered TCRs 
expanded the opportunities for ACT. Recombinant vi-
ruses encoding either conventional αβT‑cell receptors 
(TCR) or chimeric antigen receptors (CARs) are ca-
pable of inserting genes into the genome of human lym-
phocytes with efficiencies exceeding 80%. CARs are 
chimeric single-chain constructs composed of antibody-
derived complementarity-determining region fused to a 
T-cell receptor (TCR) signaling domain. Genetic transfer 
of CAR genes to autologous T cells results in T cells that 
are activated and proliferated in vivo upon contact with 
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their antigen. The advent of CARs bypasses the need for 
tumor cells to possess functional antigen-processing ma-
chinery and express antigen through MHC class I or II 
molecules; transduced T cells are able to recognize the 
intact surface protein through the artificial CAR. Clini-
cally, this may lead to both lysis of a large tumor burden 
and development of immunologic memory for that spe-
cific target antigen. Preclinical and clinical evaluations 
have resulted in stepwise improvements in the constructs 
used to produce CARs. Genetically engineered T cells 
were shown to recognize and destroy hematopoietic tu-
mor cells, particularly those involving anti-CD19-based 
CARs for the treatment of B-cell malignancies or some 
solid tumors expressing the cognate antigens. The CARs 
approach combines elements of genetic engineering and 
molecular biology to create new biological structures with 
enhanced functionalities. CAR therapy, as it currently 
exists, requires consequently a multidisciplinary team 
composed of devoted molecular biologists, immunologists 
and clinicians within a hospital environment, so at present 
time it is in practice in several high-quality and high-
ranking academic institutions, predominantly in the 
USA. Clinical trials have already shown clinically sig-
nificant antitumor activity in chronic lymphocytic leuke-
mia, B cell lymphoma, neuroblastoma. Trials targeting a 
variety of other adult and pediatric malignancies are also 
under way. The clinical responses to the ACT transfer are 
most often observed in days to weeks, in contrast to usu-
ally much slower time-response to tumor vaccines and 
checkpoint blockade. Reported toxicities such as fever, 
hypotension and metabolic complications can be related 
to the elevated proinflamatory serum cytokine levels and 
to the systemic release of various intracellular molecules 
due to the tumor cells lysis and in depletion of normal B 
cells in case of anti-CD19-based CARs application (17–
22).

Vaccination

Sipuleucel-T (Provenge) is to date the only therapeu-
tic anti-cancer vaccine that has been licensed for use in 
clinical practice. It was first licensed by the U.S. Food and 
Drug Administration (FDA) in 2010 for use in the treat-
ment of asymptomatic/minimally symptomatic meta-
static castration-resistant prostate cancer (mCRPC) (25). 
It involves an autologous cell transplant, whereby periph-
eral blood mononuclear cells (PBMCs) in a sufficient 
number are taken from the patient using the leukapher-
esis procedure and incubated with a fusion protein con-
sisting of recombinant prostate acid phosphatase (PAP; a 
tumor associated antigen expressed in prostate tumor 
cells) and granulocyte-macrophage colony stimulating 
factor (GM-CSF). Dendritic cells in the PBMC sample 
should take up PAP and express it as part of a major his-
tocompatibility complex (MHC) on their cell surface. 
GM-CSF is used as an adjuvant co-stimulant for func-
tional maturation of the dendritic cells in order for them 

to activate specific CTLs. These specific CTLs are then 
activated themselves and can replicate to form a reservoir 
of CTLs against PAP. They CTLs are then used to form 
the sipuleucel-T vaccine, which is administered to the 
patient. Each vaccine preparation is patient-individual-
ized, i.e. each vaccine is autologous to the patient and thus 
avoids human leukocyte antigen (HLA) mismatching. A 
phase III trial (IMPACT) randomized 512 patients with 
asymptomatic or minimally symptomatic metastatic 
castrate-resistant prostate cancer (CRPC) in a 2:1 fashion, 
to receive either sipuleucel-T or placebo. The IMPACT 
trial was successful in demonstrating prolonged overall 
survival rates for patients with mCRPC vaccinated with 
sipuleucel-T compared to a placebo/control group, al-
though there were no significant differences between the 
two groups in time to cancer progression. A 4.1 month 
improvement in median survival was achieved: 25.8 
months in patients treated with sipuleucel-T versus 21.7 
months in the control patients arm (a 22% relative reduc-
tion in risk of death, hazard ratio 0.78, 95% confidence 
interval 0.61–0.98 P=0.03). Adverse events were more 
prevalent in the sipuleucel-T–treated group, but they were 
generally mild and flulike in nature (24, 25).

In comparison with the above mentioned ACT and 
CARs immunotherapy approach, the technology to gen-
erate in vitro autologous activated dendritic cells and ac-
tivated CTLs is relatively less complex so this approach 
may have a wider applicability for other tumor types. Re-
garding the clinical indication for the Sipuleucel-T ap-
plication in practice, it is in the meantime becoming an 
indication more “squeezed”, because there are now new 
options for additional prostate hormonal manipulations. 
For example, with the abiraterone acetate or enzaluta-
mide, both in the form of tablets in chemotherapy-naive 
patients having no or minimal symptoms (24, 25, 36, 37).

Checkpoint blockade

Another novel and perspective immunotherapeutic ap-
proach is immune checkpoint blockade. It has emerged 
as one of the most clinically promising strategies. This 
strategy is based on the nonspecific immune activation 
of T lymphocytes in cancer patients which can be 
achieved by monoclonal antibodies that inhibit co-inhib-
itory signaling pathways. Physiologically, the amplitude 
and duration of T-cell response is regulated by a balance 
between co-stimulatory and co-inhibitory signals (that is, 
immune checkpoints). Through these functionally op-
posite signaling pathways, immune homeostasis and avoid-
ance of immune over-activation (autoimmunity) is main-
tained. The antibodies that block immune checkpoints do 
not target tumor cells directly, but instead target lympho-
cyte receptors for inhibitory signals or their ligands. By 
blocking the T cell receptors for the inhibitory signals or 
inhibitory ligand molecules for these receptors on other 
cells (for example, on antigen presenting cells or on normal 
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and tumor cells), nonspecific (over)activation of T-lympho-
cytes can be obtained, which may also evoke the endoge-
nous antitumor activity. In cancer, inhibitory pathways 
seems to be important in the tumor microenvironment and 
draining lymph nodes and might lead to a state of T-cell 
anergy, thereby allowing tumor to escape from immune 
surveillance, and unchecked tumor growth (34–39).

Cytotoxic T‑lymphocyte associated antigen 4 (CTLA-
4; also known as CD152) and programmed death-1 anti-
gen (PD-1; also known as CD279) were the first two im-
mune checkpoints to be evaluated extensively in the 
setting of clinical cancer immunotherapy. They differ in 
the manner and level at which they negatively regulate 
the immune system. Inhibitory pathway CTLA-4 regu-
lates T-lymphocytes at the level of initial activation, while 
the PD-1 regulates immunity at multiple phases of the 
immune response, including exerting its effect on effector 
T-lymphocyte activity in the peripheral tissues. In the 

priming phase, antigen-presenting cells present antigens 
to the T-cell. Two signals are required to initiate a T-cell 
response. CTLA-4 is upregulated after T-cell activation 
and inhibits the T-cell response set in motion. Anti-CT-
LA-4 antibodies bind to CTLA-4, turning off the “in-
hibitory signal”, thus resulting in an enhancement of T-
cell function. In the effector phase, the PD-1 inhibitory 
receptor is expressed by the T-cell and, when it is engaged 
by its ligands PD-L1 and PD-L2, it serves to inhibit the 
T-cell response. Anti-PD-1 antibodies bind to PD-1, turn-
ing off the “inhibitory signal” in the peripheral tissues and 
enhancing T-cell function. PD-1/PD-L1 interactions are 
complex, and this interaction is also involved in the prim-
ing phase. In addition to its activity in cancer immuno-
therapy, PD-1 has been shown to play a role in allergy, 
autoimmunity, infectious disease, and transplantation 
immunity. PD-1 is highly expressed on tumor-infiltrating 
lymphocytes (TILs) in the effector phase and serves to 
inhibit T-lymphocyte activity during chronic antigen ex-

Figure 1. Simplified schematic representation of  CTLA-4 and PD-1 immune checkpoints. In the priming phase, antigen-presenting cells (APC) 
present antigens to the T-cells. Antigen (short peptide) is presented in the context of the major histocompatibility complex (MHC) class I or class 
II molecules. It is recognized  by the T-cell receptor complex composed of  (TCR) heterodimer protein chains, cluster of differentiain 3 (CD3) 
molecules nad T-cell co-receptor molecules CD8 or CD4, respectively. For T-cells to become fully activated second signal is required. This second 
signal, the „co-stimulatory“ signal, is antigen nonspecific and is provided by the interaction between co-stimulatory molecules expressed on the 
membrane of APC and the T-cell. Co-stimulatory signals are provided by binding of the CD28 receptor on the T-cell surface to its ligand B7-1 
or B7-2 on the APC.  These interactions enhance stimulation of the T-cell, whereas failure of this event results in T-cell anergy (non-activating 
event). As a regulatory mechanism, cytotoxic T-lymphocyte antigen-4 (CTLA-4) is upregulated after T-cell activation and inhibits the T-cell 
response. Binding of CTLA-4 to B7-1 or B7-2 acts as a suppressor response. This step acts as a checkpoint in the immune response cascade and 
prevents adverse and harmful immune activities of T-cells. Anti-CTLA-4 antibodies bind to CTLA-4, turning off the „inhibitory signal“, thus 
resulting in an enhancement of T-cell function. In the effector phase, the programmed cell death-1 (PD-1) inhibitory receptor is expressed by the 
T-cell and, when it is engaged by its ligands PD-L1 and PD-L2, it serves to inhibit the T-cell response. Anti-PD-1 or anti-PD-L1 antibodies 
bind to PD-1 or PD-L1, respectively, turning off the „inhibitory signal“ in the peripheral tissues and enhancing T-cell function. PD-1/PD-L1 
interactions are complex, and this interaction is also involved in the priming phase.
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posure when it is engaged by its ligands. In peripheral 
tissues, tumor cells and other cells in the tumor microen-
vironment may express PD-1 ligands, which may protect 
the tumor cells from immune destruction. Two PD-1 li-
gands are known: PD-L1 (also known as B7-H1 or 
CD274) and PD-L2 (also known as B7-DC or CD273). 
PD-1 ligands are also expressed on different types of tu-
mors. PD-L1 is most commonly expressed on solid tu-
mors, including melanoma, ovarian, lung, and renal car-
cinomas. PD-L2 has been reported to be upregulated in 
different types of lymphoma (34–39).

Several immune checkpoint antibodies are currently 
in clinical trials, with promising results including high 
objective durable response rates (ORR) and a favorable 
side effect profile. These immune checkpoint antibodies 
seems to be clinically active in a variety of malignancies, 
including those not traditionally classified as immuno-
genic, such as non-small-cell lung cancer (NSCLC). En-
couraging clinical results, even with improved survival, 
such as in patients with metastatic melanoma, have been 
obtained. In addition to ipilimumab (Yervoy), antibodies 
against PD-1 such as nivolumab (Obdivo) and pembroli-
zumab (Keytruda) are also FDA approved for the treat-
ment of advanced melanoma. An ongoing challenge is 
learning how to use these agents to optimize tumor re-
gression while avoiding unacceptable toxicity due to en-
hanced autoreactivity of T cells to benign cells. For ex-
ample, the most common adverse events (immune related 
adverse events, irAE’s) following ipilimumab include pru-
ritus, rash, diarrhea, hepatotoxicity, endocrinopathies and 
uveitis. Similar irAE’s have been described with anti-PD-1 
agents including also fatigue and pneumonitis (several 
cases of unfortunately fatal pneumonitis were reported). 
Toxicities may vary across tumor types, depending prob-
ably on antigen expression and recognition and on inten-
sity of the autoreactivity. Treatment algorithms of irAE’s 
include measures such as early treatment with supportive 
care and immunosuppressive medications (for example, 
diet and hydrations recommendations, loperamide, cor-
ticosteroids) (34–40).

Conclusion

In conclusion, it seems that the recent ongoing clinical 
studies with the ACT, vaccine Sipuleucel-T and with the 
immune check-point activation modulation are demon-
strating, after decades of disappointing immunotherapy 
trials, that the patient’s immune system can be used ef-
fectively in a clinical setting against autologous tumor 
cells. The field of cancer immunotherapy has in fact a long 
history of development and of various experimental ap-
proaches and strategies with mixed results. Because of 
these mixed results, a doubt existed for many years as to 
whether the immune system is capable of eliminating 
autologous cancer. All this, indirectly, indicates that the 
interplay between immunity and cancer is complex. It has 

also become obvious over these many years of research 
that the immune system is able not only to suppress tumor 
growth by destroying cancer cells or inhibiting their out-
growth but also under certain conditions to promote tu-
mor progression either by selecting tumor cells that are 
more fit to survive in an immunocompetent host or by 
establishing conditions within the tumor microenviron-
ment that facilitate tumor outgrowth (“cancer immu-
noediting”). Moreover, a chronic inflammatory microen-
vironment composed of various immune cells 
(macrophages, myeloid-derived suppressor cell, T-regula-
tory cells) within the tumor, and also some cytokines and 
metabolic product can cause T cell dysfunction. Over the 
past two to three decades, however, cancer immunother-
apy has been undergoing a remarkable transition in ef-
fectiveness due to the advances in our understanding of 
the immune system, in the translation of this into the 
clinical practice and also due to the development of nov-
el technologies and immunotherapeutic agents. Still, 
many key questions remain. It is to be expected that more 
relevant and clinically applicable strategies for the identi-
fication of possibly responding patients and assay for the 
immune monitoring of patients undergoing cancer im-
munotherapy will also be tested and developed concomi-
tantly (1, 2, 20, 22, 23, 34, 36, 40).

References
  1.	 �KIRKWOOD J M, BUTTERFIELD L H, TARHINI A A, 

ZAROUR H, KALINSKI P, FERRONE S 2012 Immunotherapy 
of cancer in 2012. CA Cancer J Clin 62: 309–35

  2.	 �LI Z, CHEN L, RUBINSTEIN M P 2013 Cancer immunothera-
py: are we there yet? Exp Hematol Oncol 2: 33

  3.	 �LIU J K 2014 Anti-Cancer Vaccines – A One-Hit Wonder? Yale J 
Biol Med 87: 481–9

  4.	 �HOPTION CANN S A, VAN NETTEN J P, VAN NETTEN C 
2003 Dr William Coley and tumour regression: a place in history 
or in the future. Postgrad Med J 79: 672–80

  5.	 �MCCARTHY E F 2006 The toxins of William B. Coley and the 
treatment of bone and soft-tissue sarcomas. Iowa Orthop J 26: 154–8

  6.	 �KARBACH J, NEUMANN A, BRAND K, WAHLE C, SIEGEL 
E, MAEURER M, RITTER E, TSUJI T, GNJATIC S, OLD LJ, 
RITTER G, JÄGER E 2012 Phase I clinical trial of mixed bacte-
rial vaccine (Coley’s toxins) in patients with NY-ESO-1 expressing 
cancers: immunological effects and clinical activity. Clin Cancer 
Res 18: 5449–59

  7.	 �PARISH C R 2003 Cancer immunotherapy: the past, the present 
and the future. Immunol Cell Biol 81: 106–13

  8.	 �RIETHER C, SCHÜRCH C, OCHSENBEIN A F 2013 From 
“magic bullets” to specific cancer immunotherapy. Swiss Med Wkly 
143: w13734

  9.	 �SCHREIBER R D, OLD L J, SMYTH M J 2011 Cancer immu-
noediting: integrating immunity’s roles in cancer suppression and 
promotion. Science 331: 1565–70

10.	 �ELINAV E, NOWARSKI R, THAISS CA, HU B, JIN C, FLA-
VELL R A 2013 Inflammation-induced cancer: crosstalk between 
tumours, immune cells and microorganisms. Nature Rev Cancer 
13: 759–71



A. Juretic	 Recent advances in clinical anti-cancer immunotherapy

370	 Period biol, Vol 116, No 4, 2014.

11.	 �WHITESIDE T L 2014 Regulatory T cell subsets in human can-
cer: are they regulating for or against tumor progression? Cancer 
Immunol Immunother 63: 67–72

12.	 �LONGO DL 2013 Covert operations: cancer’s many subversive 
tactics in overcoming host defenses. Trans Am Clin Climatol Assoc 
124: 163–73

13.	 �SCHLÖßER H A, THEURICH S, SHIMABUKURO-VORN-
HAGEN A, HOLTICK U, STIPPEL D L, VON BERGWELT-
BAILDON M 2014 Overcoming tumor-mediated immunosup-
pression. Immunotherapy 6: 973–88

14.	 �BINDEA G, MLECNIK B, ANGELL H K, GALON J 2014 The 
immune landscape of human tumors: implications for cancer im-
munotherapy. Oncoimmunology 3: e27456

16.	 �MAKKOUK A, WEINER G J 2015 Cancer Immunotherapy and 
breaking immune tolerance: new approaches to an old challenge. 
Cancer Res 75: 5–10

17.	 �RESTIFO N P, DUDLEY M E, ROSENBERG S A 2012 Adoptive 
immunotherapy for cancer: harnessing the T cell response. Nat Rev 
Immunol 12: 269–81

18.	 �KALOS M, JUNE C H 2013 Adoptive T cell transfer for cancer 
immunotherapy in the era of synthetic biology. Immunity 39: 
49–60

19.	 �ROSENBERG S A 2014 Decade in review-cancer immunothera-
py: entering the mainstream of cancer treatment. Nat Rev Clin 
Oncol 11: 630–2

20.	 �HINRICHS C S, ROSENBERG S A 2014 Exploiting the curative 
potential of adoptive T-cell therapy for cancer. Immunol Rev 257: 
56–71

21.	 �VONDERHEIDE R H, JUNE C H 2014 Engineering T cells for 
cancer: our synthetic future. Immunol Rev 257: 7–13

22.	 �BARRETT D M, SINGH N, PORTER D L, GRUPP S A, JUNE 
C H 2014 Chimeric antigen receptortherapy for cancer. Annu Rev 
Med 65: 333–47

23.	 �VAN DEN BOORN J G, HARTMANN G 2013 Turning tumors 
into vaccines: co-opting the innate immune system. Immunity 39: 
27–37

24.	 �PALUCKA K, BANCHEREAU J 2013 Dendritic-cell-based 
therapeutic cancer vaccines. Immunity 39: 38–48

25.	 �KANTOFF P W, HIGANO C S, SHORE N D, BERGER E R, 
SMALL E J, PENSON D F, REDFERN C H, FERRARI A C, 
DREICER R, SIMS R B, XU Y, FROHLICH M W, SCHELL-
HAMMER P F; IMPACT STUDY INVESTIGATORS 2010 
Sipuleucel-T immunotherapy for castration-resistant prostate can-
cer. N Engl J Med 363: 411–22

26.	 �HODI F S, O’DAY S J, MCDERMOTT D F, WEBER R W, 
SOSMAN J A, HAANEN J B, GONZALEZ R, ROBERT C, 
SCHADENDORF D, HASSEL J C, AKERLEY W, VAN DEN 
EERTWEGH A J, LUTZKY J, LORIGAN P, VAUBEL J M, 
LINETTE G P, HOGG D, OTTENSMEIER C H, LEBBÉ C, 
PESCHEL C, QUIRT I, CLARK J I, WOLCHOK J D, WEBER 
J S, TIAN J, YELLIN M J, NICHOL G M, HOOS A, URBA WJ 
2010 Improved survival with ipilimumab in patients with meta-
static melanoma. N Engl J Med 363: 711–23

27.	 �ROBERT C, THOMAS L, BONDARENKO I, O’DAY S, WE-
BER J, GARBE C, LEBBE C, BAURAIN J F, TESTORI A, 
GROB J J, DAVIDSON N, RICHARDS J, MAIO M, HAUS-
CHILD A, MILLER WH J R, GASCON P, LOTEM M, HAR-
MANKAYA K, IBRAHIM R, FRANCIS S, CHEN T T, HUM-
PHREY R, HOOS A, WOLCHOK J D 2011 Ipilimumab plus 
dacarbazine for previously untreated metastatic melanoma. N Engl 
J Med 364: 2517–26

28.	 �BRAHMER J R, TYKODI S S, CHOW L Q, HWU W J, TO-
PALIAN S L, HWU P, DRAKE C G, CAMACHO L H, KAUH 
J, ODUNSI K, PITOT H C, HAMID O, BHATIA S, MARTINS 
R, EATON K, CHEN S, SALAY TM, ALAPARTHY S, GROS-
SO J F, KORMAN A J, PARKER S M, AGRAWAL S, GOLD-
BERG S M, PARDOLL D M, GUPTA A, WIGGINTON JM 
2012 Safety and activity of anti-PD-L1 antibody in patients with 
advanced cancer. N Engl J Med 366: 2455–65

29.	 �TOPALIAN S L, HODI F S, BRAHMER J R, GETTINGER S 
N, SMITH D C, MCDERMOTT D F, POWDERLY J D, CAR-
VAJAL R D, SOSMAN J A, ATKINS M B, LEMING P D, SPI-
GEL D R, ANTONIA S J, HORN L, DRAKE C G, PARDOLL 
D M, CHEN L, SHARFMAN W H, ANDERS R A, TAUBE J 
M, MCMILLER T L, XU H, KORMAN A J, JURE-KUNKEL 
M, AGRAWAL S, MCDONALD D, KOLLIA G D, GUPTA A, 
WIGGINTON J M, SZNOL M 2012 Safety, activity, and im-
mune correlates of anti-PD-1 antibody in cancer. N Engl J Med 
366: 2443–54

30.	 �HAMID O, ROBERT C, DAUD A, HODI F S, HWU W J, 
KEFFORD R, WOLCHOK J D, HERSEY P, JOSEPH R W, 
WEBER J S, DRONCA R, GANGADHAR T C, PATNAIK A, 
ZAROUR H, JOSHUA A M, GERGICH K, ELASSAISS-
SCHAAP J, ALGAZI A, MATEUS C, BOASBERG P, TUMEH 
P C, CHMIELOWSKI B, EBBINGHAUS SW, LI X N, KANG 
S P, RIBAS A 2013 Safety and tumor responses with lambroli-
zumab (anti-PD-1) in melanoma. N Engl J Med 369: 134–44

31.	 �ROBERT C, LONG G V, BRADY B, DUTRIAUX C, MAIO M, 
MORTIER L, HASSEL J C, RUTKOWSKI P, MCNEIL C, 
KALINKA-WARZOCHA E, SAVAGE K J, HERNBERG M M, 
LEBBÉ C, CHARLES J, MIHALCIOIU C, CHIARION-SILE-
NI V, MAUCH C, COGNETTI F, ARANCE A, SCHMIDT H, 
SCHADENDORF D, GOGAS H, LUNDGREN-ERIKSSON 
L, HORAK C, SHARKEY B, WAXMAN I M, ATKINSON V, 
ASCIERTO P A 2015 Nivolumab in Previously Untreated Mela-
noma without BRAF Mutation. N Engl J Med 372: 320–30

32.	 �ANSELL S M, LESOKHIN A M, BORRELLO I, HALWANI A, 
SCOTT E C, GUTIERREZ M, SCHUSTER S J, MILLENSON 
M M, CATTRY D, FREEMAN G J, RODIG S J, CHAPUY B, 
LIGON AH, ZHU L, GROSSO J F, KIM S Y, TIMMERMAN 
J M, SHIPP M A, ARMAND P 2015 PD-1 Blockade with Niv-
olumab in Relapsed or Refractory Hodgkin’s Lymphoma. N Engl 
J Med 372: 311–9

33.	 �NAIDOO J, PAGE D B, WOLCHOK J D 2014 Immune modu-
lation for cancer therapy. Br J Cancer 111: 2214–9

34.	 �PAGE D B, POSTOW M A, CALLAHAN M K, ALLISON J P, 
WOLCHOK J D 2014 Immune modulation in cancer with anti-
bodies. Annu Rev Med 65: 185–202

35.	 �MAHONEY K M, ATKINS M B 2014 Prognostic and predictive 
markers for the new immunotherapies. Oncology (Williston Park) 
28(11 Suppl 3): pii: 202335

36.	 �MAKKOUK A, WEINER G J 2014 Cancer immunotherapy and 
breaking immune tolerance: new approaches to an old challenge. 
Cancer Res 75: 5–10

37.	 �AMIN M, LOCKHART A C 2014 The potential role of immu-
notherapy to treat colorectal cancer. Expert Opin Investig Drugs 17: 
1–16

38.	 �PARDOLL D M 2012 The blockade of immune checkpoints in 
cancer immunotherapy. Nat Rev Cancer 12: 252–64

39.	 �MOMTAZ P, POSTOW M A 2014 Immunologic checkpoints in 
cancer therapy: focus on the programmed death–1 (PD–1) recep-
tor pathway. Pharmgenomics Pers Med 7: 357–65

40.	 �PHILIPS G K, ATKINS M 2015 Therapeutic uses of anti–PD–1 
and anti-PD-L1 antibodies. Int Immunol 27: 39–46


