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ABSTRACT  

The potential of combination strategies with ICIs is to deliver positive outcomes for solid tumors. Clinical trial 

data indicate that combination approaches improve response rates, duration of response, and overall survival. 

Despite being in the field of immune therapy for several years, ICIs can trigger mechanisms underlying 

resistance and diverse immune-related adverse events. This emphasizes the need for using combination therapy 

with cutaneous agents. A number of clinical trials have shown promising activity and tolerability for different 

combination strategies that include ICIs. The studies also confirm the concept that synergy exists between the 

actions of different treatments acting on different pathways, and this is reflected through a different spectrum of 

toxicities. Preclinical studies provided insights into potential rational strategies of combination therapy with 

ICIs. Main areas of research that have brought new insights in combined strategies included insights into the 

synergy of the type I interferon pathway and PD-1 inhibitors, mechanisms of resistance to ICIs, anti-tumor 

activities of myeloid-derived suppressor cells, and insights into how transferred immune cells work with 

checkpoint inhibitors. New insights into natural killer cell biology, as well as the discovery of NK cell 

checkpoints, expanded the portfolio of combination treatment areas. Advances in technology enabled in-depth 

state-of-the-art characterization and functional studies of the immune system at the single-cell level. A new era 

of combination therapy that is under development in several different cancers, other than hematologic 

malignancies, refers to the use of multiple drugs operating in the immune and non-immune pathways with 

anticancer agents. 
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1. Introduction to Immune Checkpoint Inhibitors (ICIs) 

Immune checkpoint inhibitors (ICIs) have revolutionized the treatment of many solid and hematologic 

malignancies. The key mechanism of ICIs is to reactivate the immune response to native tumors and other viral-
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associated malignancies by blocking immune checkpoint molecules, which function as 'brakes on the immune 

system
[1]

. This leads to potent antitumor immunity by amplifying T-cell effector function, increasing tumor-

specific T-cell activity, and augmenting the ability of the immune system to recognize and destroy tumor cells.
[2]

 

Tumor cells are killed by ICIs through an active immunologic mechanism and can leave a 'memory' in the 

immune system to prevent tumor recurrence or progression.
[3]

 ICIs are divided into several classes, including 

monoclonal antibodies that block the programmed death-1 (PD-1) receptor, its ligand PD-L1, or the cytotoxic T-

lymphocyte-associated protein 4 (CTLA-4), and bind to the immune checkpoint receptor.
[4]

 

The development of ICIs has achieved significant enhancements in the results of cancer patients. ICIs have 

changed the clinical landscape of cancer therapy and are now considered the standard therapeutic option for 

multiple tumors.
[5]

 The repertoire of immune-related adverse events (irAEs) for ICIs is wide and diverse. These 

agents are used in a variety of malignancies, including melanoma, non-small cell lung cancer, renal cell cancer, 

urothelial cancer, Hodgkin's lymphoma, Merkel cell cancer, head and neck squamous cell cancer, and cervical 

carcinoma.
[6]

 

There are some potential immune responses to the effects exerted by ICIs on immune checkpoint protein 

delivery on the cell surface. Immune checkpoint proteins that usually reside inside effector cells, which act to 

block immune cells and tumors, can be detected in these vesicles and have good predictive power for the 

response in patients. In addition, the immune responses are focused primarily on cell types, especially 

subpopulations of lymphocytes and, to a lower degree, NK cells.
[7]

 

 

1.1. Mechanisms of Action and Clinical Applications 

Apart from the above concept, another breakthrough in the development of cancer treatment that has gained 

attention is immune checkpoint inhibitors (ICIs) 3. ICIs are one of the six major types of targeted drugs used for 

cancer treatment that modulate the action of the immune system.
[8]

Unlike other targeted therapies such as 

receptor tyrosine kinases, which are present in both healthy and cancer cells, immune checkpoint inhibitors 

reactivate the immune system, allowing the body to recognize and destroy cancer cells.
[8]

 

Mechanistically, ICIs inhibit immune checkpoint proteins, which are inhibitory signals that dampen the immune 

response and limit T-cell signaling, thereby enhancing T-cell activation and proliferation. ICIs consist of several 

classes such as programmed cell death 1 (PD-1) inhibitors, programmed cell death 1 ligand (PD-L1) inhibitors, 

and cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) inhibitors. 
[9, 10]

 

The efficacy of ICIs has been demonstrated on many cancers, including a clinical trial comparing the efficacy of 

the anti-CTLA-4 inhibitor and the gp-100 vaccine in patients with melanoma. 
[11]

 The study results showed that 

the inhibitor could reduce the risk of death by 32.5% and increase overall survival (OS) by as long as 10 

months. Another study proved that the use of a PD-1 inhibitor also showed OS advantages in non-squamous 

non-small-cell lung cancer progression patients in the phase 3 trial. 
[12]

 

Two patients were illustrated regarding a combination of nivolumab and ipilimumab for advanced epithelioid 

mesothelioma. The two patients showed different responses when receiving the combination therapy. The first 

patient had long-term progression-free survival (PFS) of up to 27 months before the disease progressed, while 

the second patient had a complete response. In the second patient, one year after treatment, scans of the thorax 

and total body showed partial response, and mediastinal and hilar lymph nodes were significantly reduced 

following one year of treatment. The last scan showed stable disease (SD) after 20 months in the mediastinal, 

papillary, and hilar locoregional lymph nodes.
[12]

 

Current studies are being conducted on Immune Checkpoint Inhibitors (ICIs), with a focus on extending their 

application in different situations such as in the early stages of the disease, as maintenance therapy, after 

allogeneic transplantation, and in combination with radiotherapy and chemotherapy. These studies also aim to 

address the different mechanisms of resistance encountered with ICIs. 
[13]

 

 

2. Challenges in Immune Checkpoint Inhibitors Therapy 

Immune checkpoint inhibitors (ICIs) are monoclonal antibodies specifically targeting immune checkpoints such 

as programmed cell death protein 1 (PD-1), programmed cell death ligand 1 (PD-L1), and cytotoxic T-

lymphocyte-associated protein 4 (CTLA-4).
[14]

ICIs have brought a revolution in the field of oncology and are 

being used for the treatment of a wide array of cancers. However, ICIs are associated with several challenges 

owing to their mechanism of action and anti-tumor immune response.
[15]

 

First, resistance to ICIs can be one of the major challenges which can occur at two stages: primary resistance 

occurs when patients do not respond to ICI treatment from the beginning, and acquired resistance is the 

phenomenon where initially responsive tumors develop as non-responsive over time. 
[16]

 

Second, immune-related adverse events (irAEs) are a set of toxicities associated with the PD-1/PD-L1 and 

CTLA-4 inhibitors, primarily pertaining to autoimmune pathologies. [17] These irAEs can independently 

predict immune response, leading to better survival of cancer patients. Diversity in irAEs also makes them one 

of the important challenges in ICI therapy, thereby altering the course of management for patients and 

increasing treatment costs. 
[18, 19]
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Third, the success of ICIs is seen primarily with tumors having a higher mutational burden compared to the 

remaining tumors. 
[20]

 In recent times, several major ICI clinical trials have showcased dismal results due to their 

low mutational burden. 
[21]

 Other reasons working against the ICIs are the presence of multiple 

immunosuppressive mechanisms within the tumor microenvironment.
[22]

 

 PD-1 can also be located on tumor-infiltrating lymphocytes (TILs), which can lead to impaired TIL function, 

hence reducing the efficacy of ICI treatment.
[23]

Despite the challenges, ICIs have revolutionized cancer care and 

are approved for the treatment of numerous cancers. 
[15, 24]

Owing to their enhanced application, the limitations 

will accompany the ICIs' upfront therapy even in the coming years. 
[25]

 

Hence, to relieve the difficulties, there is a necessity to develop novel approaches to improve treatment 

outcomes and management of these toxicities.
[26]

Overcoming the barriers will primarily include the 

development of personalized strategies acting via a different set of mechanisms. Hence, in the coming sections, 

we focus on combinations overcoming the limitations associated and also the strategies implemented in current 

clinical settings. 
[27] 

 

2.1. Primary and Acquired Resistance 

Over the past few years, immune checkpoint inhibitors have revolutionized the management of cancer, resulting 

in the long-term control of various advanced malignancies.
[28]

 These inhibitors have made a profound impact on 

survival; however, a substantial proportion of initially responsive tumors do not show the same long-term 

benefit. 
[29]

One effective approach to dealing with poor outcomes involves the use of combination therapies 
[30]

. 

There are two general forms of therapeutic resistance: primary and acquired, which can often present 

together.
[31]

 Primary resistance is defined as a situation in which some patients do not show any clinical benefit 

from therapy from the start of treatment, and these patients have not yet responded to treatment. 
[31]

Unfortunately, when resistance does not exist in tumor cells, the therapy acts as a remedy for those patients. 
[32]

 
Acquired resistance signifies patients who have initially responded to treatment but subsequently are no longer 

responsive.
[33, 34]

 The phenomenon of both primary and acquired resistance progressing is typically due to 

multiple genetic alterations. Acquired resistance is known to have multiple occurrences that might lead to 

additional mutations as a result of selection pressure during treatment. 
[35]

The various resistance mechanisms in 

tumor cells frequently lead to the same results, which is preventing T cells from recognizing, infiltrating, and 

ultimately killing tumor cells. Nonetheless, the immune landscape of the tumor microenvironment has a decisive 

influence on these mechanisms. 
[36]

 

 

2.2. Immune-Related Adverse Events (irAEs) 

The immune system disregards self-immunity, comprised of inclusive and restrictive safeguards, and comprises 

many checks and balances to avoid these two opposed cases of violence to self. 
[37] 

Immune checkpoint inhibitors are just silencers of those restrictive checkpoints. Correlating this back to clinical 

life, ICIs have shown dramatic benefits or seemingly miraculous results for patients with previously refractory 

cancers. [38] However, there are adverse events, and sometimes, as healthcare providers, we need to be alert for 

them or handle them. Sometimes, it's all about learning how best to take care of this technology and still move 

forward.
[39]

 

 

Immune-Related Adverse Events (irAEs) 
The most affected system in anti-PD-1 and anti-CTLA-4 ICI therapy is the skin, in terms of signs seen through 

phyto-evaluation as a spectrum of inflammatory reactions. Among them, dermatitis and rash are seen in more 

than 20%. 
[40]

 IAEs are primarily universal across the checkpoint inhibitors of all agents and modulate 

predominantly the immune system in many organs overall, which would be termed immune-related adverse 

effects rather than immune-related adverse events. 
[41]

 Overall, what can be negatively managed by 

corticosteroids whenever it's a grade more than 2, except for some reassessed management.
[42]

This is where 

many new recommendations are being given to consider antiviral prophylaxis when corticosteroids have been 

started in the first place, along with tapering the corticosteroids.[43] 

 So the whole strategy has changed with the initial bout of technologies, even from the management of these 

side effects. The issue regarding pneumonitis may present with different clinical presentations, which might be 

mistaken for infective or neoplastic conditions. 
[44]

 The time at which pneumonitis occurs is generally variable, 

extending up to two years or more. 
[45]

 If it happens to be the last agent, then further treatment would be 

difficult. It is generally considered not to restart therapy when treatment for pneumonitis is needed. Immune-

related adverse events do impact the quality of life of patients, and ongoing research aims to understand their 

impact once we have left the treatment.
[45]

  

Due to IAE, the patient does not appear to derive benefit from the anti-tumor response of the therapy. Therefore, 

understanding, monitoring, and prompt management are occasionally needed. Guidelines provide these 

recommendations for the treatment of IAE. 
[46, 47]
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3. Rationale for Combination Therapy in Immune Checkpoint Inhibitors 

Immune checkpoint inhibitors (ICIs) are remarkable not only for their efficacy but also for the durability of 

responses in various cancers. However, the benefits of ICI monotherapy are achieved in a minority of patients 

with advanced malignancies, highlighting the need to expand potential benefits beyond the classical patient 

population for ICIs. 
[48]

ICIs also display very small effects when used in the adjuvant setting, or even agonistic 

effects that require mitigation by the addition of an anti-PD-(L)1 agent. 
[44]

This aligns with the fact that 

mounting evidence suggests challenges related to ICI therapy. Evidence of tumor heterogeneity supports the use 

of combination therapy, as no one approach will ever be enough to address the diverse challenges that arise.
[44, 

48]
The appeal of combination therapy is that it amplifies the attractive qualities of ICIs while simultaneously 

addressing the associated resistance and minimizing off-target effects through potential synergistic strategies. 
[49, 

50]
 

The therapeutic rationale for the combinations of ICIs with chemotherapy, targeted therapy, or other immune 

therapies can be based on cardinal or complementary mechanisms.
[49, 50]

In principle, the cardinal or concerted 

mechanisms are represented by the combination of ICIs with different actions, achieving additive or concurrent 

and non-redundant enhancement of the immune response.
[49]

 Combination therapies have the potential to exploit 

different mechanisms of action and should be better able to reduce or overcome existing mechanisms of 

resistance to monotherapies. 
[45]

 

These combinations can exploit different vulnerabilities of cancer cells and thus improve the response rate. 

However, the mechanism of action of a combination partner is potentially influenced by the mechanism of 

action of a checkpoint inhibitor. Thus, a mechanistic understanding is necessary to comprehend why 

combination therapies work.
[45, 49]

 

 

3.1. Enhancing Efficacy and Overcoming Resistance 

In multiple strategies, combination therapies improve the efficacy of immune checkpoint inhibitors. The primary 

objective of these combinations is to activate and expand a tumor-specific T cell population that is significantly 

robust. 
[51]

 Combining additional receptor-targeted agents with immune checkpoint inhibitors to treat these 

patients leads to high objective responses. 
[45]

 

Multiple synergistic immunologic and pleiotropic combinations can provide potential solutions to the resistance 

of anti-PD-1 and allow for synergistic prime shocks that escalate other immune checkpoints for immune 

checkpoint inhibitors.
[44]

Strategies of combining checkpoint-conquering with either concurrent or sequential 

collections also aim to increase therapeutic efficacy. 
[49]

Thus, the gain of maximum impact on many 

independent intracellular signaling means that parallel inhibition of multiple signaling pathways in cells is likely 

to be responsible for the shared molecular achievements of parallel combination strategies. 
[49, 51]

Either the 

intrinsic preexisting resistance of primary resistance mechanisms or the participating intracellular signaling can 

offset resistance to prevent acquired resistance by targeting signal strengthening and the main complementary 

pathways. 
[49, 50]

 Given the relevant roles that these pathways and their players play in many varieties of immune 

and resistance evasion, combinations discuss examples with promising clinical findings. 

 For each of these combinations, identified biomarkers of response or resistance mechanisms to qualify patients 

for these combinations after further validation are also included. These scans will track reports over time as new 

clinical periods appear and the field approaches more precision medicine via combinations. 
[44, 49, 50] 

 

4. Types of Combination Therapies 

Combination therapies have been developed based on the synergy between immune checkpoint inhibitors, and 

they can be categorized into the following types.  

(1) Immunotherapy combined with a targeted therapy. They may be a rational and effective combination 

because of their complementary mechanisms of action: the targeted therapy reduces tumor volume and relieves 

immunosuppression of the microenvironment. 
[52]

 

(2) Immunotherapy combined with another immunotherapeutic agent. These inhibitors can target other immune 

checkpoints or act as adjuvants, and the combination may have an augmented antitumor effect and a longer 

response. 
[53]

 

(3) Immunotherapy combined with traditional therapy. Coupling immunotherapy with conventional therapies 

such as chemotherapy or radiotherapy can significantly improve the patient's immune response by altering 

properties of the tumor that may be more susceptible to inhibitors. 
[54]

 

(4) Immunotherapy combined with an innovative therapeutic strategy. Genetic modifications, bispecific T cell 

engagers, and drugs targeting immune cells also hold great promise for combination therapy. Currently, 

evidence accumulates for these various combinations. Given that the mechanism of action differs, combating 

resistance-related mechanisms would be highly appealing and may constitute the near future of therapeutic 

choices. 
[55, 56]
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Currently, inhibitors combined with targeted therapy can be further divided into combinations of inhibitors with 

tyrosine kinase inhibitors or other matched gene therapy to target patients whose tumor harbors deterministic 

gene alterations. 
[57]

Inhibitors can also be combined with other targeted agents, but these combinations are 

beyond the scope of this discussion. 
[58]

In addition, different inhibitors targeting various immune checkpoints are 

different from other self-owned molecules produced by the drug, which makes treatment between various 

inhibitors not drug-attenuable. 
[59]

 

When combining inhibitors with another immunotherapy similar to inhibitors, however, the safety profiles and 

overlaps of side effects related to immune response should be given high consideration, and guidance suggests 

measures to be included for investigations on standards for treatments that include combinations of 

immunotherapy and anti-PD-1/PD-L1 antibodies only. 
[60] 

With increasing study of the dosage pair and sequence in various combination strategies, the efficacy and safety 

of inhibitors used in combination have no advantage. Because individual therapy with a drug agent is arranged 

by a medical team based on patient condition and tumor characteristics, extensive and flexible combination 

strategies have been developed.
[61]

 Combination therapy for inhibitors is gradually becoming complicated, but 

such versatility is beneficial because it matches the variable molecular characteristics of tumors and patient 

tumors and can be used for individualized management. 
[62] 

 

4.1. Immunotherapy and Targeted Therapy Combinations 

ICI is a superior selection for cancer because of low immune-related adverse effects and durable clinical effects. 

However, due to the low sensitivity of tumor cells to ICIs, the positive objective response rate (ORR) to ICIs 

alone is less than 30%, which cannot meet the global demand.
[15]

Therefore, improving the sensitivity of tumor 

cells to ICIs and enhancing the efficacy of ICIs have become the principles of cancer treatment, and 

combination therapy of ICI and diverse methods is developed based on these mechanisms. 
[63]

 Combination 

therapy of ICI and chemotherapy is based on the idea that chemotherapy destroys intratumoral immune-tolerant 

cells, increases the expression of HLA molecules, and gene transduction of esophageal cancer, breast cancer 

cells, and rectal cancer. 
[64, 65]

 

 Through NGS, it is found that their mutation or signal changes are significantly related to their ORR or patient 

survival or can be used as a marker for disease prediction of ICI. This provides a basis for combining ICI with 

SERMIs, PARP inhibitors, and mTOR inhibitors that produce dsDNA breaks, which increase the release of 

cGAS, stimulator of interferon genes (STING) pathway ligands, and type I interferon (IFN), causing innate 

immune imbalances. 
[66, 67]

 

The combination therapy embraces BRAF/MEK inhibitors and ICIs, PI3K pathway inhibitors, and ICIs. For 

example, BRAF-mutant/EGFR-mutant non-small cell lung cancer (NSCLC) cells can activate the MAPK 

pathway and cause immunosuppression. 
[68, 69]

 The combination of BRAF inhibitors and MEK inhibitors can 

inhibit the phosphorylation of MEK and ERK in BRAF-mutant NSCLC, thereby downgrading 

immunosuppression and increasing tumor infiltration of killer T cells, and the use of ICIs produces better 

results.
 [70]

 PD-1 inhibition has been approved in combination with BRAF and MEK inhibitors for the first-line 

treatment of patients with advanced BRAF-mutant malignant melanoma due to the synergistic improvement of 

progression-free survival (PFS) and ORR. 
[71]

 Targeted drugs aim at cooperating with ICIs and are directed 

against patients' molecular targets. Because the level of innate immune ligands in the TME is related to the 

sensitivity of tumor cells to ICIs, and the expression of dsDNA breaks and ssDNA breaks is the leading factor in 

the presence of innate immune ligands, the combination of targeted drugs and ICI can make more tumor cells 

release innate immune ligands to promote ICI sensitivity. 
[72, 73]

 

Diverse combinations have different levels of approval, and because immune-related adverse events may be 

amplified by this combination, it is necessary to be careful when using it, and it does not have the possibility for 

patients to receive high-dose treatment. 
[18, 74]

 The ongoing clinical trials are in the data collection or follow-up 

stage. The association of diverse gene selection or gene expression value with ICI sensitivity is the index. The 

patients have no difference in other factors, and the selected affected gene selection patients obtain specific 

inhibitors for high expressive screening or mutated genes to test the effectiveness of specific inhibitors on ICI 

sensitivity.
 [75]

 

 

5. Clinical Evidence Supporting Combination Therapy 

The combination of immune checkpoint inhibitors and other treatment modalities has been a hotspot of research. 

Currently, combination strategies using anticancer drugs such as molecular targeted therapy, traditional 

chemotherapy, and radiation have been investigated in phase II, III, or IV clinical trials. 56Combination with 

PD-1/PD-L1 and CTLA-4 inhibitors has also been tested in clinical trials. Some of these trials have been 

successful, and subjects receiving combination therapy have shown better outcomes.
[76] 

A clinical study found 

that a combination regimen including the PD-1 inhibitor with apatinib was successful, while an estimated 9- and 

18-month overall survival was recorded at 86% and 53%, respectively. 
[77]
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 Notably, treatment with the combination of sintilimab plus apatinib displayed promising efficacy in the 

treatment of advanced HCC, with manageable toxicity. Furthermore, considerable evidence from ongoing 

clinical studies and trials remains a focus. 
[78, 79]

 

Phase II trials are ongoing to evaluate the efficacy, safety, and pharmacokinetics of cemiplimab plus an anti-

CEA/CD3 half-life extended bispecific antibody in patients with treatment-naïve or previously exposed non-

small cell lung cancer. 
[80]

Clinical trials are instrumental in providing evidence regarding the therapeutic benefits 

of combination therapy.
[81]

 Traditional clinical studies for immune checkpoint inhibitors are typical randomized 

controlled trials, commonly employing a phase I, II, and III trial study design that involves an initial dose-

finding study, followed by a larger two-randomization phase II trial and a larger phase III trial with a more 

prominent sample size. 
[82, 83]

 

Objectives of these trials are aligned with the determination of response rates, progression-free survival, and 

overall survival, and incorporate endpoints such as duration of response, disease control rate, landmark 

progression-free survival, and overall survival.
[84]

Participants in these trials are always confined to a specific 

population, including subjects with different levels of PD-L1 expression and treatment line, different genders, 

and ages. 
[85]

The vast majority of subjects included in the trials have tumors with squamous and non-squamous 

histology, including those planned to undergo surgery or radiotherapy. 
[86]

 

Several combination strategies have demonstrated reasonable therapeutic benefits with immune checkpoint 

inhibitors in many cancers, increasing the overall survival and progression-free survival in cancer patients. 

Interestingly, these combination strategies showed efficacy in melanoma, non-small cell lung cancer, and 

metastatic colorectal cancer tumors. Combination therapy can overcome the limitations previously reported with 

monotherapy. 
[87, 88] 

 

5.1. Key Clinical Trials and Outcomes 

Substantial clinical trial data have shown that combination therapies involving immune checkpoint inhibitors 

can result in impressive efficacy and improved patient outcomes across various solid tumor histologies. 
[55]

 The 

combination therapies listed that have shown clinical benefit in terms of overall survival were often approved 

under conditional grounds and are prescribed upon clinical or shared decision-making discussions. The 

remainder are investigational only and may be available through an ethically approved clinical trial. 
[89]

 

Pembrolizumab and pembrolizumab plus chemotherapy are recommended first-line treatments for patients with 

metastatic non-small cell lung cancer in the first-line setting without targetable oncogenic driver mutations. 
[90]

 

The combination treatments have consistently improved overall survival and are not restricted by programmed 

death ligand 1 expression status. Frontline nivolumab was not superior to chemotherapy in patients with non-

small cell lung cancer, however. Ongoing and future trials in the combinations of anti-PD-(L)1 plus 

chemotherapy or targeted therapies are also being conducted. 
[91, 53]

 

 

Conclusion and Appraisal of Clinical Trials 

Clinical trial data show increased overall response rates, progression-free survival, and overall survival in 

immune checkpoint inhibitor combination therapeutic strategies. To date, pivotal studies have been conducted in 

combinations of anti-PD-(L)1 ingenol-3, anti-PD-(L)1 MEK, anti-PD-(L)1 chemotherapy, and anti-PD-(L)1 

anti-CTLA-4 across a number of histologies.
[55, 92]

 The combination of ipilimumab and nivolumab has been 

shown to improve survival in metastatic melanoma, squamous cell lung cancer, and renal cell carcinoma when 

addressing patient stratifications.
[93]

 

There was no significant survival improvement in classic Hodgkin lymphoma identified yet, although overall 

response rates were doubled. Moreover, the roles and outcomes of anti-PD-(L)1 based combination therapy are 

currently being evaluated in patients with high/intermediate risk non-muscle invasive bladder cancer. 
[94]

 

Ongoing clinical research in this area aims to assess overall response rates and overall survival of two ongoing 

pivotal phase 3 trials in non-small cell lung cancer and anti-PD-(L)1 plus VEGF in ovarian 

cancer.
[95]

Registration trials in other solid tumor histologies were less mature and thus alone as of recently. 

There are several potential limitations, which should be acknowledged. In particular, the concept of anti-PD-

(L)1 plus anti-CTLA-4 as a backbone was only studied in a single phase 3 trial and the scope of the concept is 

not fully understood. Anti-PD-(L)1 plus anti-CTLA-4 carries a higher rate of adverse events compared to anti-

PD-(L)1 plus chemotherapy.[96]Patient characteristics are important; for instance, patients in one trial were 

overall younger than patients in the first-line non-small cell lung cancer study. Additionally, anti-CTLA-4 is 

known to be associated with a short exposure time due to high rates of adverse events. 
[97]

 

For glioblastoma, a similar pivotal trial was presented with a reporting median overall survival of 20.9 months 

for the combination therapy group compared to 18.4 months among those subjects in the maintenance 

temozolomide alone group. 
[98]

 

Post-hoc analysis suggested even better value when compared to subjects with methylated methylguanine-DNA-

methyltransferase promoter status, where the median overall survival was 34.7 months compared to 21.2 

months. Although interesting, the trial was relatively small and the anti-PD-L1 component may have provided 
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significant clinical activity, as had been shown in some of the checkpoint inhibitor monotherapy trials in this 

area.
[99]

 

These findings are likely to contribute to a change in clinical practice with earlier treatment and with non-brain 

metastasis. The research in clinical trials evaluating anti-PD-(L)1 with or without potential immune-based 

agents will continue to evolve in an effort to better optimize patient outcomes. 

 

6. Biomarkers and Patient Selection for Combination Therapy 

The identification of predictive biomarkers can be crucial for patient selection for combination therapy, but not 

all identified biomarkers are applicable to this aspect. Once a combination strategy including the ICIs is 

determined, potential biomarkers are needed to determine who is most likely to benefit from the strategy. 
[100]

 

Depending on whether the identified biomarkers are expressed in tumors or the patient’s immune system, they 

can be classified into the following three types: (1) genomic markers, (2) proteomic markers, such as immune 

cell evaluation, and (3) immune-based markers, such as TMB, PD-L1 expression, and microsatellite instability. 

In general, TMB and PD-L1 status can both be assessed in a biopsy sample, indicating that they are both 

expressed in tumors and immune systems. Several of these markers are known to be associated with an increase 

in immune activity or editing of the TME, reflecting the immune system’s response 
[101, 102]

 

Correspondingly, markers of immune systems, such as immune cell composition, immune signature, and tumor 

immunogenicity, have been suggested as prognostic factors for the efficacy of ICIs, although they are not yet 

considered in clinical practice.
[103]

Regardless of the type of marker, they all aim to predict the future effect of 

treatment, and the ultimate goal is to identify who will benefit from a combination to maximize the benefit.
[104]

 

Furthermore, as the TME is increasingly recognized as a potential determinant of therapeutic efficacy, the 

biological status of the tumor can, in principle, lead to patient stratification, and it is always promising to use 

these characteristics as biomarkers in combination 
[105]

. As we delve further into the research, new markers with 

greater potential may become apparent. Identifying and utilizing them more appropriately is expected to 

increase precision in future clinical trial designs. 

 

6.1. Predictive Biomarkers 

Predictive biomarkers are of paramount importance for decision-making in immune checkpoint inhibitor (ICI) 

combinations. [103]They indicate an enhanced probability for a subject to respond to an ICI, and thus they are 

employed to stratify potential extraordinary responders who are most likely to benefit from ICIs against the 

candidates who may not secure much interest from ICI combinations. [106] This heralds the necessity for 

assessing more than one prior predictive marker, as a single marker may be restrictive in evaluating any 

treatment strategy. The several combinations of the available predictive biomarkers may guide the path experts 

need to follow to cure any disease. 
[107]

 

A predictive biomarker should be assessed before the therapy; quantifying it during the course of therapy might 

provide insight on early prediction of effectiveness and tailoring the combined regimen. Viable predictive 

biomarkers for ICI combinations to date fall into five categories. Predictive biomarkers' use in combination 

therapy predicts patient outcomes and is helpful in stratifying them into different classes. 
[108]

 

In order to use these biomarkers, a strategy is required, as two different biomarkers may predict the same 

outcome differently. 
[109]

 This approach may therefore enable scientists to release the promising aspects of these 

markers to provide maximum effects when used optimally; further, it necessitates standardizing their assessment 

and thorough validation by prospectively conducting phase III clinical trials in various patient populations 

representing utmost known diversity in ethnicity, geographical distribution, immunogenicity, and biological 

events of multiple races. 
[110]

Also, a panel of newly identified T cell activation biomarkers may serve in 

delineating near-successful patients who might not benefit as much, as observed in the later stages of clinical 

trials with ipilimumab as a single agent. 
[111]

 

 

7. Future Directions and Emerging Strategies 

While diversity of strategies is an asset, some specific plans worth considering are: eradicating cells with 

compromised immunogenic phenotypes and bolstering the immunogenic conversion of non-responding low-

TMB lesions; targeting alternate cell-stroma interactions by combining checkpoint inhibitors with immune 

reprogramming agents; using oncolytic virus or MDP targeting; improving CAR and TCR T therapy delivery 

and duration by ICI strategies, and evidence merging other mechanisms in special cases of recurrence. 
[112, 113]

 

A major frontier of combination therapy is the incorporation of novel agents and therapeutics, only a few of 

which were mentioned by this review's final publication date. These include advances in some of the targets 

reviewed above, updates on ICI delivery and TMB-centered trials. In order to discover the most effective tumor-

specific strategies, advancements in the understanding of tumor immune and oncogenesis require 

multidisciplinary and multi-stakeholder research collaboration. 
[114, 115]

 

With the advent of combination therapy, emphasis in the patient selection process is likely to evolve from 

simply selecting patients likely to respond to including patient selection for the most effective intervention. The 
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bridge from bench to bedside is the promise of this era – translational medicine – where the most relevant 

outcomes of these exponentially increasing target discovery projects can help reinvigorate the promising 

application of options in a wealth of new combinatorial studies. Evolution of regulatory attitudes toward ICI 

combinations may be needed to meet the clinical and scientific communities at the crossroads envisioned in this 

review. 
[91, 116]

 

Nonetheless, combination trials of the future should incorporate input from both relevant experts in the 

foreseeable future and consideration of endpoints, methods, and expectations for evidence of experts' preference 

models. One may move toward answering questions relating to the outcomes the patients themselves value, 

therefore providing a much broader view of the increasingly diverse range of players in cancer psychology. 
[117, 

118]
 

 

7.1. Novel Combinations and Technologies 

Combinations of ICIs with other therapeutic options have become a major strategy to boost the activity of this 

immunotherapeutic class of drugs and to offer effective treatment options to patients who do not respond to ICI 

monotherapy. 
[55, 87]

Even though some ICI combinations do demonstrate some synergy, either by 

complementing the respective shortcomings of each compound or by simply boosting antitumoral immune 

responses in various ways, there is an urgent need to develop new, innovative compounds that can synergize to 

improve ICI activity even further. 
[55, 119] 

One approach to achieve this is the adaptation of already well-established as well as novel technologies to 

narrow different resistance mechanisms and circumvent various issues of tumor immune evasion.
[34, 120]

Research 

has also been turned towards the development of novel therapeutic options, besides the already well-established 

chemotherapies and targeted agents that are currently used in a clinical setting to modulate immune checkpoints. 
[83]

Even though immune-relevant targets are most frequently being exploited, other novel molecules involved in 

tumor immune evasion were found to be of interest as well.
[121] 

For instance, a variety of new suppression pathways beyond the PD-1/PD-L1 axis were described and 

subsequently linked with poor clinical outcomes in various malignancies.
[122]

 Similar to this, the importance of 

tumor-infiltrating lymphocytes (TIL)-derived potential targets was increasingly acknowledged in recent years, 

including the identification of novel receptors for T-cell engagement that are able to bypass primary TCR 

activation.
[123]

The clinical potential of T-cell-engaging bispecific antibodies of this kind in the frame of ICIs has 

been shown for the anti-PD-1 in modern clinical trials. It functions by recommending the local release of innate-

like immune cell-related cytokines, hence shifting the immune microenvironment towards T-cell activation and 

engagement. 
[124]

 

A similar approach is based on the concept of personalized therapeutic vaccines which are able to produce 

neoantigen-specific T-cell responses with already ongoing clinical trials evaluating their putative capacity in ICI 

combinations. 
[125]

 To maximize the clinical impact in terms of patient care, it is imperative to adapt the current 

and future landscape of ICIs and combinations to the specific alterations of the different types of cancer as well 

as their microenvironment. By implementing NGS and AI as tools for combination design, ICIs and novel 

combinations will not only broaden but also unify the treatment spectrum for cancer patients. 
[126]

 

 

8. Conclusion and future prospective  

Combination therapy that uses various radiosensitizers, immune agents, or immunomodulators concurrently has 

demonstrated favorable efficacy in preclinical and clinical trials. This approach is being employed to tackle the 

disruption of the anti-tumor immune response, shortage of effective antigens, and heterogeneity of tumor cells. 

Moreover, combination therapy aims to improve the immune response-induced cytokine storm, overcome drug 

resistance, and increase the prevention of relapses. Hence, rationally designed combination strategies hold 

compelling potential for efficient clinical management of tumors. Indeed, combination approaches could 

overcome the adverse effect of monotherapy as well as broadening its application, leading to an enhanced 

cytotoxic T cell response against various cancers. With the attractive benefits of both molecularly precise agents 

and ICIs, it could be applicable in dealing with heterogenic tumor cells, cancer stem cells, desmoplastic stromal 

cells, and inflammatory cells within the TME. The effectiveness of combination therapy, including 

radiosensitizing and adherent-induced therapies, is currently supported by ongoing clinical studies. 

During the era of precision medicine, the choice of monotherapy or, especially, combination therapy regimens 

should engage an interdisciplinary team, including oncologists, pathologists, clinical pharmacists, 

radiotherapists, and, importantly, patients themselves. Historically, such interdisciplinary teams have been 

increasingly organized in cancer hospitals. Emerging evidence and technologies may also offer an exciting new 

dimension for interpreting the effects of combination therapy in future clinical applications. If combination 

therapy is demonstrated to have therapeutic benefits to cancer patients, it could have general medical, public 

health, and economic impacts. 
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