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Abstract: Immunotherapy has made a significant impact on the survival of patients with different tumor. However,
it has become clear that they are not sufficiently active durable responses for many tumor patients, but only in a
fraction of tumor patients. In order to improve this, combination regimens revealed impressive synergistic effects
by combination of doublet or triplet immune agents. In this article, we will summarize the cancer-immunity cycle
(CIC) and propose a rationale for the design of synergistic antitumor combinations. In addition, key issues in the
development of these strategies are further discussed. Overall, we wish to highlight the backbone principles of
combination regimens design at different points of the CIC, with the ultimate goal to guide better designs for future
cancer combination therapies.
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Introduction
Successful generation of an immune response
to eliminate cancer cells includes following
steps (cancer-immunity cycle, CIC): 1) oncogenesis release neoantigens, dendritic cells (DCs)
capture and process these neoantigens; 2)
DCs present the captured antigens on MHC
molecules to T cells; 3) priming and activation
of tumor-specific naive T cells to become effector T cells; 4) the activated effector T cells from
lymphoid organs into peripheral blood and traffic to tumor tissues; 5) the activated effector T
cells infiltrate the tumor bed; 6) tumor-antigen
specifically recognition; 7) tumor lysis and
release tumor-associated antigens, effector T
cells death and tumor-specific memory T cells
generation, subsequent cycle with deeper and
wider response coming (Figure 1) [1, 2].
The CIC perform optimally in healthy persons,
however, does not in tumor patients. Immune
dysfunction may be present at any step of CIC
in tumor patients. Tumor antigens may not be
released or not be detected even released;
antigen presenting cells (APCs) and T cells may
not treat antigens as non-self thereby creating

T regulatory cell (Tregs) responses rather than
effector responses; effector T cells may not
properly traffic to tumors; effector T cells may
not infiltrate the tumor bed; or effector T cells
may not recognize or/and kill cancer cells suppressed by factors in the tumor microenvironment [3]. Specific to a tumor patient, may be
single or a few steps in CIC have obstacles.
However, we are very little knowledge about
these obstacles. Thus far, most of the therapy
strategies are not designed to correct or overcome an existing or known obstacle. It is critical
to identify which obstacle is predominant in a
tumor patient, since targeting inaccurate obstacle to a tumor patient will be inefficient, even
overkilled, costly, and wasteful. For instance,
targeting programmed death 1 (PD-1) pathway
in a tumor patient that lacks immune activation
may be pointless, even overkilled. Here, we discuss the steps toward the development of more
effective immunotherapy programs for more
tumor patients.
Principles of Compound-therapy based on CIC
Figure 1 list some known effector molecules at
each step of the CIC (Figure 1), we can apply
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Figure 1. Stimulatory and inhibitory factors in each step of cancer-immunity cycle (CIC). Theoretical antitumor immune response is a self-motivated process, a series of stepwise events initiate, proceed and expand iteratively. This
cycle can be subdivided into seven major steps. The neoantigens created by oncogenesis are released and captured
by dendritic cells (DCs) for processing (step 1), DCs present the captured antigens on MHCI and MHCII molecules
to T cells (step 2), resulting in the priming and activation of effector T cell responses against the tumor-specific antigens (step 3), the activated effector T cells traffic to (step 4) and infiltrate the tumor bed (step 5), specifically recognize and bind to tumor cells (step 6), and kill target tumor cells (step 7). Killing of the tumor cell releases additional
tumor-associated antigens (step 1 again) to increase the breadth and depth of the response in subsequent revolutions of the cycle. The step 1-2-3, step 4-5 and step 6-7 development in the lymph node, blood vessel and tumor
respectively. Each step of the CIC requires the coordination of numerous factors, both stimulatory and inhibitory in
nature. Stimulatory factors are shown in green promote immunity, whereas inhibitors are shown in red help keep the
process in check and reduce immune activity and/or prevent autoimmunity. Modified version from the reference 1.

these effector molecules to directly attack
tumor cells. Moreover, we can modulate the
endogenous stimulatory and/or inhibitory factors of any step in the CIC to procedurally attack tumor cells (Figure 1). Unfortunately, above mentioned strategies are not designed to
remove the existing antitumor immune obstacle in the CIC. Accurate immunotherapy is to
reinitiate a self-sustaining CIC, enabling it
returns to normal. Despite each step in the
whole immune cycle has a certain killing or
inhibiting effect on the tumor. Specific to a
tumor patient, may be a step or a few steps in

213

CIC have obstacles. If therapy at obstacle target, the whole CIC is reinitiate, tumor patient
get round and round active immunity. If therapy
at inaccurate obstacle target, there may be a
certain level of active immunity at the therapy
target, and may emerge a certain level of passive immunity at the inaccurate obstacle target. Since the accurate obstacle points have
not been lifted, it is not possible to achieve
repeated active immunity, which leads to poor
therapeutic effect (Figure 2) [2]. The majority of
tumor patients have obstacle at a step or a few
steps in CIC, rather than have systemic immune
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Figure 2. Illustration of the accurate immunotherapy versus the inaccurate
immunotherapy. A. We speculate that the antitumor immune response in
CIC (blue water flow) is appropriate in healthy persons. B. The antitumor immune response is insufficient when there is an immune obstacle in tumor
patients. If the immune obstacle in tumor patients is removed precisely, the
whole CIC returns to normal. C. If the immunotherapy is not target the obstacle precisely, instead treat at the upstream of the obstacle, the upstream
(one step or a few steps) immune response is increase, even redundancy,
but the whole immune response is still insufficient in CIC. D. If a treat at the
downstream of the obstacle, the downstream (one step or a few steps) immune response is increased, but the whole immune response is still insufficient in CIC.

obstacles. Thus Compound-therapy based on
CIC must involve selectively targeting the immunity limiting step in tumor patient.
Therapy based on CIC
Factors that come into play in CIC provide the
main idea to enhance antitumor immunity. We
can 1) enhance antigen release to initiate and
propagate antitumor immunity; 2) enhance
neoantigen presentation by APCs; 3) enhance
the priming and activation of T cells; 4) promotion of trafficking of effector T cells to access
the tumor; 5) promotion of infiltration of effector T cells into tumor bed; 6) promotion of rec-
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ognition of effector T cells to
tumor cells; 7) enhance killing
of T cells to tumor cells [2, 4].
Here’s a brief review of therapies based on CIC under
preclinical or clinical evaluation. Chemotherapy, radiation
therapy, and targeted therapies can primarily promote
step 1 of CIC; Vaccines can
primarily promote step 2 of
CIC; Anti-cytotoxic T-lymphocyte-associated protein 4 (antiCTLA4) can primarily promote
step 3 of CIC; Anti-CC-chemokine receptor 4 (anti-CCR4)
and anti-chemokine (C-X-C
motif) receptor 4 (anti-CXCR4)
antibodies can primarily promote step 4 of CIC; Inhibitors
of VEGF can potentially promote step 5 of CIC; T-cell specific antibody and chimeric
antigen receptors (CARs) can
primarily promote step 6 of
CIC; and anti-programmed
death-ligand 1 (anti-PD-L1) or
anti-PD-1 antibodies can primarily promote step 7 of CIC.
Compound-therapy based on
CIC

We refer to the ClinicalTrials.
gov and the consensus statement on combination immunotherapy by Combination
Immunotherapy Task Force of
the Society for Immunotherapy
of Cancer (SITC) [5, 6] to draw
the Figure 3. There is evidence that combinations within a step and across steps may be
clinically beneficial. Chemotherapy-induced tumor cell death can promote tumor specific antigen release and presentation potentially leading to prime of specific T cells and reducing
Tregs, macrophages or myeloid-derived suppressor cells [7]. Moreover, chemotherapy also
induces PD-L1 expression on tumor cells [8].
Hence, chemotherapy have synergy with antiPD-1/PD-L1 and anti-CTLA4 antibodies particularly in non-inflamed, chemotherapy sensitive tumors [9-11]. Radiotherapy can increase
tumor antigens expression, promote soluble
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Figure 3. Connection diagram of ongoing clinical trials investigating the effect of combination strategies in CIC. The
therapies are given in each step of CIC. Promising prospects of combination strategies are connected with solid line
[4-6]. The larger the dot is, the more combination therapy recorded at the ClinicalTrials.gov.

tumor antigens release [12], promote antigen
presentation [13], prime and active T-cell [14],
induce chemokine expression needed for T-cell
trafficking [15, 16], and mediate T-cell recognition and/or killing [17, 18]. An effective antitumor vaccine will seek to co-administer antigens that can be targets for T cell recognition.
Combined vaccines for inhibition of PD-1 or/
and CTLA4 were synergistic in some tumor
models [19, 20]. The combination of CTLA-4
and PD-1/PD-L1 inhibition are backed by strong
pre-clinical evidence [21, 22]. Though no clinical efficacy data are reported from combination factors that involve trafficking and access
of tumor with other therapy, a large number of
early trials are ongoing. Combination of antiCCR4 and anti-CXCR4 antibodies with antiPD-1/PD-L1 antibodies (Nivolumab, durvalumab, pembrolizumab), anti-CTLA4 antibodies
(ipilimumab, tremelimumab) and chemotherapy
(lomustine, gemcitabine) are currently being
tested [23]. Defactinib, an inhibitors of Focal
adhesion kinase (FAKi) is currently being com-
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bined with pembrolizumab and gemcitabine
in a phase I trial. IMO-2125, a TLR9 agonist
involved in increasing T-cell infiltration is combining with ipilimumab [24, 25]. Chimeric antigen receptor (CAR) T cell is promising partnering strategies with PD-1/PD-L1 blockade.
Combined inhibition of IDO with CTLA-4, PD-1,
or PD-L1 has shown T cell dependent synergy
[26].
Challenges in developing Compound-therapy
based on CIC
The goal of Compound-therapy based on CIC is
to expand the broadness and depth of antitumor immune response and to improve the quality of clinical response. Concatenated regimens
of synergistic steps in CIC should be investigated in a variety of tumor settings. However, there
are still quite a few hurdles that hinder the
development Compound-therapy based on CIC.
Several challenges need to be considered
in enabling future progress with Compoundtherapy based on CIC includes, but it is not lim-
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ited to the follows: 1) scientific evidence of
underlying tumor cell and immune system biology. 2) identification of the dominant immune
obstacle in the CIC of a given tumor patient.
Identification of the dominant obstacles in the
CIC by experience is not a long-term normalizing solution. Humanized animal models or
explant 3D culture models may provide support
to characterize the dominant obstacles in the
given patient [27-30]. 3) technological challenges to study immune obstacles in the CIC.
Another major challenge is sequential tumor
tissue collection and analyses. The sequential
biopsies in tumor patients are difficult. Small
sample analysis technique (single-cell sequencing, mass cytometry) may help uncover the
immunosuppressive mechanisms that favor
tumor progression occurs in a specific patient
[31, 32]. 4) challenges of design trials that
enable efficient testing of the safety and clinical activity of combination immunotherapy regimens. 5) rigorous assessment of the optimal
dose, sequence, and schedule of combination
immunotherapy regimens in both preclinical
models and the clinical setting.
Perspectives and conclusion
Once activated, immune response is rapid,
durable, adaptable, and self-propagating [33,
34]. The immunotherapy can completely and
safely eradicate viral infections. We believe
that immunotherapy remains the complete and
safe eradication of tumor. For the majority of
tumor patients, a single therapeutic agent is
unlikely to be effective. Future cancer immunotherapy should aim to identify the specific
obstacles in CIC and remove them to recover
the local antitumor response, meanwhile combining with other therapies to properly induce
systemic immune response without the risk of
increased immune-related adverse events.
Rational combination regimens should extend
to multiple not limited to doublet or triplet steps
in CIC. Hence, rigorous investigate the dose
and schedule of each component in combination thoroughly and with added flexibility to optimize the dose, schedule, and configuration of
each agent. The potential development of
Compound-therapy based on CIC for antitumor
depend on further discussion, transformation
and integration among academic, industry, and
regulatory partners.
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