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This special issue “Nanomedicine and Cancer Immunotherapy”
was organized for the celebration of the 40th anniversary
(1980–2020) of Acta Pharmacologica Sinica (APS). The prime aim
for the special issue is to deliver both high-impact review and
research articles to the wide international readership regarding
the most recent progress in nano-immunotherapy as well as the
approaches for enhancing the efficacy of cancer immunotherapy.
Primary tumors are conventionally treated by surgery, che-

motherapy and radiotherapy. However, tumor relapse and
ultimate therapeutic failure remained a formidable challenge in
the clinic. The innate and adaptive immune system can make a
substantial contribution to the therapeutic effects of conventional
cancer treatments. Circumstantial evidence in pre-clinical studies
suggests that the long-term success of cancer therapies lies
in immunotherapy. Therefore, cancer immunotherapy is consid-
ered as an effective treatment modality to eliminate primary and
metastatic tumors as well as to establish immunological memory.
Nanomedicines can simultaneously deliver various immunological
agents to the intended target site (tumor or lymph node). The
ultimate application of nanomedicine is to reprogram or modulate
the immune response by precisely targeting biological pathways.
To increase cancer immunotherapies’ impact, we organized this
special issue to deepen our understanding about the mechanisms
underlying the tumor and immune cells to evade immunity, how
nanomedicines can be used to reprogram the tumor microenvir-
onment and how nanomedicines interact with the immune
system, and the potential challenges and the critical limitations
of immunotherapy approaches, which impede their clinical
applications. This issue includes one research article and ten
review articles, and brief introductions to each topic are illustrated
as below.
The advent of immunotherapy is a game changer in cancer

therapy with monoclonal antibody and T-cell-based therapeutics
being the current flagships. However, small molecule immu-
notherapeutics might offer advantages over biologicals in terms of
complexity, tissue penetration, manufacturing cost, stability and
shelf-life. However, small molecule drugs are prone to rapid
systemic distribution which might induce severe off-target side
effects. Nanotechnology could aid in the formulation of these
drug molecules to improve their delivery to specific immune cell
subsets. The review article by De Geest et al. summarizes the
current efforts in changing the pharmacokinetic profile of small
molecule immunotherapeutics with a strong focus on Toll like
receptor agonists [1].
The review article by Li and Nie et al. introduces the strategies

being employed using nanoscale intelligent drug delivery systems
to enhance the effects of cancer immunotherapy by promoting
drug delivery to the tumor. The review article also provides a
perspective on the further possible application of nanoparticles in
more effective anti-tumor immunotherapy [2].
Clinical approval of immune checkpoint inhibitors (e.g., Ipilimu-

mab, Pembrolizumab) has been accelerated by a dramatic long-term

survival improvement in a small subset of patients over conventional
chemotherapy. However, it should be noted that the majority of
treated cancer patients cannot benefit from checkpoint blockade
therapies by releasing the T-cell function. Poor T-cell response,
low immunogenicity and the immunosuppressive environment of
tumors, create great challenges for present cancer immunotherapy.
Nanotechnology can integrate multiple functions within controlled
size and shape, and has been explored as a unique avenue for the
development of cancer immunotherapy. The review article by Luo
et al. mainly addresses how nanoengineered vaccine can induce
robust T cells response against tumor, as well as how nanomedicine
can remodel immunosuppressive tumor microenvironment (ITM) to
boost anti-tumor immune responses [3].
Advanced nanobiomaterials, including liposomes, polymers, and

silica, play a vital role in the codelivery of drugs and immunomo-
dulators. These nanobiomaterial-based delivery systems could
effectively promote antitumor immune responses and simulta-
neously reduce toxic adverse effects. Furthermore, nanobiomaterials
may also combine with each other or with traditional drugs via
different mechanisms, thus giving rise to more accurate and efficient
tumor treatments. The review article by Qian et al. provides an
overview of the latest advancement of nanobiomaterials used for
cancer immunotherapy including lipid- or micelle-based nanopar-
ticles, polymer-based scaffolds, inorganic nanosystems, etc… [4].
A diversity of immunomodulatory agents, including tumor-

associated antigens, adjuvants, cytokines and immunomodulators,
have been explored for their ability to induce a cascading
adaptive immune response. Nanoscale metal-organic frameworks
(nMOFs) are attractive for cancer immunotherapy because they
feature tunable pore size, high surface area and loading capacity,
and intrinsic biodegradability. The review article by Sun et al.
overviews the recent progresses in the development of nMOFs
for cancer immunotherapy, including cancer vaccine delivery and
combination of in situ vaccination with immunomodulators to
reverse immune suppression. Current challenges and future
perspectives for rational design of nMOF-based cancer immu-
notherapy are also discussed [5].
Central nervous system (CNS) disorders represent a broad

spectrum of brain ailments with short and long-term disabilities.
Despite the various nanomedicine-based platforms, translating
therapeutic agents to the clinic is costly and often hampered by
regulatory hurdles. A variety of potential drugs have been
discovered to treat several neuronal disorders; however, ther-
apeutic success is still limited by the presence of the blood-brain
barrier (BBB). Furthermore, the unique immune mechanism of the
CNS demands more consideration of immune-based therapeutic
approaches for CNS diseases. The review article by Shi et al.
discusses the efficacy of nanomedicines that utilize immunother-
apy to combat CNS disorders for enhanced safety, efficacy, and
drug delivery specificity [6].
Combining nanomedicines with immunotherapy aims to

reinforce the cancer-immunity cycle, via potentiating key steps
in the immune reaction cascade, namely antigen release, antigen
processing, antigen presentation and immune cell-mediated
tumor killing. Combination nano-immunotherapy can be realized
via three targeting strategies, i.e. by targeting cancer cells,
targeting the tumor immune microenvironment and targeting
the peripheral immune system. The clinical potential of nano-
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immunotherapy has recently been demonstrated in a phase III trial
in which nano-albumin paclitaxel (Abraxane®) was combined with
atezolizumab (Tecentriq®) for the treatment of patients suffering
from advanced triple-negative breast cancer. The review article by
Shi and Lammers et al. summarizes the bedsides strategies and
initial (pre)clinical success stories, and discusses several key
challenges in nano-immunotherapy [7].
As the most powerful antigen-presenting cell type, dendritic

cells (DCs) can induce potent antigen-specific immune responses
in vivo, hence becoming the prime cell population for vaccination
purposes. DCs can be derived ex vivo in large quantity and
manipulated extensively to be endowed with adequate immune-
stimulating capacity. After pulsing with cancer antigens in various
ways, the matured DCs are administered back into the patient.
DCs home to lymphoid organs to present antigens to and activate
specific lymphocytes that react to a given cancer. Ex vivo pulsed
DC vaccines have been vigorously investigated for decades,
registering encouraging results in relevant immunotherapeutic
clinical trials, while facing some solid challenges as well. The
review article by Song et al. reports on the advances of DC
vaccine-based cell immunotherapy, in particular the application of
mRNA technology for the fabrication of DC vaccines [8].
Cancer immunotherapy has attracted extensive attention due to

its ability to activate the patients’ innate or adaptive immune
systems to combat tumors. Despite a few clinical successes, further
endeavors are still needed to tackle unresolved issues including a
limited response rate, development of acquired immune resistance
and immune-related toxicities. Accumulating evidence has pin-
pointed tumor microenvironment (TME) as one of the major
obstacles against cancer immunotherapy due to its detrimental
impacts on tumor-infiltrating immune cells. Nanomedicine has been
battling with the TME in the past decades and experience obtained
could be exploited to improve the current paradigms of immu-
notherapy. The review article by Wang et al. discusses the metabolic
features of TME and its influence on different types of immune cells,
and summarizes the recent progress of nano-enabled cancer
immunotherapy by modulation of immune cells, tumor stroma,
cytokines and enzymes to revert immunosuppressive TME [9].
Over the past years, several treatment modalities including

radiotherapy, chemotherapy, photothermal and photodynamic
therapy, have been exploited to elicit immunogenicity by inducing
immunogenic cell death (ICD). However, ICD-based immunotherapy
is restricted by the ITM limiting its efficacy in eliciting a long-term
anti-tumor immune response as well as severe systemic toxicity. To
address these challenges, nanomedicine-based drug delivery
strategies have been exploited to improve cancer immunotherapy
by boosting ICD of tumor cells. Nanosized drug delivery systems are
promising for increasing drug accumulation at the tumor site and
co-delivering ICD inducers and immune inhibitors to simultaneously
elicit the immune response and relieve the ITM. The review article by
Yu et al. highlights the recent advances in nanomedicine-based
immunotherapy utilizing ICD-based approaches [10].
The research article by Rock et al. reports Enzyme-Directed

Immunostimulant (EDI) prodrugs for cancer immunotherapy. The
tested EDIs feature an imidazoquinoline immunostimulant (resiqui-
mod-Toll-Like Receptor 7/8 agonist) covalently modified with
glycosidase enzyme-directing groups selected from substrates for
β-glucuronidase, α-mannosidase, or β-galactosidase. The elicited
immunogenicity was compared for different cell types and found to
be independent of the glycosidase substrate in the EDI or
differences in functional glycosidase expression across each cell

line. This study highlights the broad applicability of EDIs to the
cancers that exhibit drug efflux, which suggest that EDIs optimized
for drug efflux could be particularly beneficial for improving cancer
immunotherapy [11].
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