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Abstract  

Currently all approved PD-1/PD-L1 inhibitors are monoclonal antibodies. Along with that, 

compounds from other chemical classes are being investigated as well. Among those are small 

molecules which demonstrate commensurable therapeutic effect in preclinical and early clinical 

development. In comparison with antibodies, small molecules have certain advantages such as shorter 

blood half-times and possibility for oral intake. If clinical trials will confirm acceptable therapeutic 

and safety profile in forthcoming years, these agents may become good alternatives to the monoclonal 

antibodies for using in treatment regimens implementing immune checkpoint inhibition via PD-1/PD-

L1 pathway. 
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Introduction 

In the recent decade, the PD-1/PD-L1 immune checkpoint pathway inhibition has become one 

of the most promising approaches in cancer therapy. Its attractiveness lies with "unblocking" the 

immune system to fight against cancer, thus overcoming death escape mechanisms of tumour cells. 

Most clinically used anti-PD-1/PD-L1 immune checkpoint inhibitors are recombinant monoclonal 

antibodies (mAbs). Indicative of the interest towards cancer immunotherapy is the number of cancer 

clinical trials being conducted as per the ClinicalTrials.gov register – about 307 worldwide as a single 

investigational drug or in combinations with other therapeutics for cancer 
1
. They have been approved 

for first- and second-line treatment options in several malignancies, thanks to the encouraging efficacy 

and acceptable safety profile. At present, mAbs targeting PD-1 (e.g., Cemiplimab, Nivolumab, 

Pembrolizumab and Dostarlimab) or PD-L1 (e.g., Durvalumab, Avelumab, and Atezolizumab) are 

approved by the United States FDA and by other Regulatory Agencies for the treatment of series of 

locally advanced and metastatic solid tumours like Melanoma, Non-Small Cell Lung Cancer 

(NSCLC), Malignant Pleural Mesothelioma and Lymphomas 
2
. 

 

Discussion 

In contrast to all these approved anti-PD-1/PD-L1 mAbs, several other agents against PD-

1/PD-L1 are being investigated, such as peptides/peptidomimetics, macrocycles, and small 



 

 

molecules 
3
. Pursuing the same therapeutic immunologic objective anti-PD-1/PD-L1 small molecules 

have different biophysical and biochemical properties, resulting from and dependent on the structural 

classes to which they belong. Most essential among those from the clinical perspective are tumour 

penetration, ability to cross physiological barriers, oral bioavailability, accessibility to intracellular 

targets, immunogenicity, and receptor affinity 
4,5,6

. Table 1 shows a polar difference between the 

antibodies and small molecules properties, whereas peptides and macrocycles' properties fall between 

them.   

 

Table 1: Comparison of biophysical and biochemical properties between mAbs and small molecules. 

 Small Molecules Antibodies / Biologics 

Size   Small, less than 600 Daltons Large, ~150.000 Daltons 

Structure Simple Complex 

Stability Stable Unstable 

Permeability  High Low 

Target Intra or Extracellular Extracellular 

Delivery Multiple (oral, injection, 

inhaled, etc.)  

Parenteral only (infusion, 

injection) 

Production  Chemical synthesis From living cells 

Specificity Variable specificity Very specific 

Dosing Usually once or twice a day Usually once every 1-4 weeks  

Immunogenicity No Yes 

Blood half-times Hours  Days/weeks 

Receptor affinity Comparably low High  

 

Although these anti-PD-1/PD-L1 ICI mAbs exhibited promising therapeutic effects in clinical 

studies, restrictions including toxicity, immunogenicity, and high costs are imposed for their clinical 

utilization of them. The immune-related adverse events (irAEs) of anti-PD-1/PD-L1 mAbs are well 

described in clinical study reports and scientific medical literature 
7
. The spectrum of organ systems 

affected by irAEs is vast; toxicities can affect almost any organ with varying frequencies and 

severities. Frequently observed irAEs include dermatitis, colitis, and thyroiditis, while especially rare 

irAEs, such as myocarditis, myositis, and encephalitis, have a high fatality rate 
8,9

. The class-specific 

properties of anti-PD-1/PD-L1 mAbs and small molecules contribute to the safety profile of these 

compounds. For example, the longer blood half-lives of anti-PD-1/PD-L1 mAbs, which increase the 

difficulty in drug elimination, predetermine the intensity and duration of immune-related adverse 

events (irAEs). While mAbs inflict the toxic effects throughout days/weeks after discontinuing 

administration, small molecules may stop their toxic effect in hours. Expectedly, treatment compliance 

is essentially affected due to toxicities of anti-PD-1/PD-L1 mAbs and may result in treatment delays 

or discontinuations impacting their efficacy. In addition, the use of steroids, which may inactivate the 

mAbs, in their management could compromise even more their efficacy 
10, 11

. 

Interestingly, preclinical studies have demonstrated that small molecule inhibitors are potent 

immunomodulators that can induce cytokine production (IL-2 and IFN-γ) and T cell proliferation, at 

levels comparable to pembrolizumab 
12

. Therefore, small molecules with a better management of 

adverse events (AEs) and treatment compliance may be meaningful for the survival of cancer patients 



 

 

than mAbs. Another essential disadvantage of anti-PD-1/PD-L1 mAbs is the need for parenteral 

(intravenous infusion) administration, which means the additional need for medical/nursing care to the 

patient, additional manipulations related to the storage and preparation of the IV infusion, infusion-

related reactions, and discomfort for the patient related to the length infusion itself. Small-molecule-

based compounds offer the potential to address these shortcomings of antibody-based therapies as they 

are easier self-administered 
13

. In tables 2 and 3 is outlined the most relevant small molecule 

compounds under research and development in preclinical and clinical studies based on open-source 

literature and drug databases.  

 

Table 2: List of relevant anti-PD1 and/or anti-PD-L1 small molecule compounds under most 

advanced preclinical development for cancer treatment 

Comound Comments 

CCX 559,  

CCX 4503 

and others 

Orally available, small molecule compounds inhibiting programmed death-ligand 1 (PD-L1) are 

being developed by ChemoCentryx for the treatment of various types of cancers, including colon 

cancer. Preclinical development is underway in the US 
14, 15

.  

ABSK043 Orally available small molecule inhibitors of programmed-cell-death-1-ligand-1 (PD-L1) are being 

developed by Abbisko Therapeutics to treat cancer and have demonstrated robust T-cell activating 

ability and potent anti-tumour activity in various preclinical models 
16

.  

JBI-426 and 

others 

Small molecule PD-L1 inhibitors are being developed by Jubilant Life Science subsidiary 

companies to treat cancer. Three chemical series of inhibitors, including lead molecule JBI-426, 

showed good in vitro ADME properties in terms of aqueous solubility, metabolic stability, 

permeability and excellent oral bioavailability in a preclinical setting along with a potent tumour 

growth inhibition, comparable (or better) than the PD-L1 mAb, and was well tolerated. Preclinical 

development is underway in India and the US 
17

. 

CS 17938 and 

others 

Chipscreen Biosciences is developing a series of small molecule therapeutics to treat multiple 

indications with cancer amongst them 
3
.  

SB-415286 and 

SB-216763  

SB415286 and SB-216763 developed by GlaxoSmithKline are investigated for their ability to 

inhibit the serine/threonine kinase GSK-3, which downregulates the LAG-3 and PD-1 expression in 

T—cells and can be as effective as  anti-PD-1 and PD-L1 blocking antibodies in the control of 

tumor growth 
5, 18, 19

.  

BMS-8, BMS-37, 

BMS-202, BMS-

1166 and others 

Molecules from Bristol-Myers Squibb block the post-translational processing of PD-L1, preventing 

it from directly interacting with PD-1 via different mechanisms such as inhibition of PD-L1 

glycosylation 
20, 21, 22

.  

 

Table 3: List of anti-PD1 and/or anti-PD-L1 small molecule compounds under clinical development 

for cancer treatment  

Compund Therapeutic 

indications 

Highest 

Phase 

Comments www.clinicaltrials.gov 

CA-170 Solid 

tumours and 

Lymphoma 

Phase 

II/III 

CA 170 is being jointly developed by Aurigene and Curis. 

Along with PD-L1 inhibition, the drug candidate is also a 

V-domain Immunoglobulin suppressor of T cell activation 

(VISTA) antagonist, both of which function as negative 

checkpoint regulators of immune activation. Phase I study 

completed in 2020 showing acceptable safety profile, and 

phase II study (in patients with Head & Neck Cancer, 

Squamous-NSCLC, Non-Squamous-NSCLC, MSI-H 

positive solid tumours and Hodgkin Lymphoma) 

investigating two dosages (400mg versus 800mg) is 

underway 
23, 24

. 

NCT02812875 

https://adisinsight.springer.com/drugs/800059673?userId=86115517&bpIds=3003360188&checksum=5610159ffadd4cb57cce0983adecde843800314d-1603893211882-9e9f15c924a3a2072b1afa584eeed31ad12490af4349df5b12ad66d89282ae5e66f2dce65ae58466167539ecf3fe7c64b28447bacaa6580f4c419dc370db77e4
https://adisinsight.springer.com/drugs/800059673?userId=86115517&bpIds=3003360188&checksum=5610159ffadd4cb57cce0983adecde843800314d-1603893211882-9e9f15c924a3a2072b1afa584eeed31ad12490af4349df5b12ad66d89282ae5e66f2dce65ae58466167539ecf3fe7c64b28447bacaa6580f4c419dc370db77e4
https://adisinsight.springer.com/drugs/800021167?userId=86115517&bpIds=3003360188&checksum=e884967ba461c43389f1c43bc3199500050d5e02-1603893212238-7f464e08f2869b1ec0d91a741e018797d12490af4349df5b12ad66d89282ae5e66f2dce65ae58466167539ecf3fe7c64b28447bacaa6580f4c419dc370db77e4
https://adisinsight.springer.com/drugs/800021167?userId=86115517&bpIds=3003360188&checksum=e884967ba461c43389f1c43bc3199500050d5e02-1603893212238-7f464e08f2869b1ec0d91a741e018797d12490af4349df5b12ad66d89282ae5e66f2dce65ae58466167539ecf3fe7c64b28447bacaa6580f4c419dc370db77e4
https://adisinsight.springer.com/drugs/800045659?userId=86115517&bpIds=3003360188&checksum=76303bf20f8662f91336b584ad10be16a4775604-1603893211889-dd5b5a65aa98e4d204fe181336f76cd5d12490af4349df5b12ad66d89282ae5e66f2dce65ae58466167539ecf3fe7c64b28447bacaa6580f4c419dc370db77e4
https://clinicaltrials.gov/ct2/show/study/NCT02812875?term=ca170&draw=2&rank=1


 

 

INCB086550 Solid 

tumours  

Phase 

I/II 

INCB086550 is being developed by Incyte Corporation for 

solid tumours, Non-Small Cell Lung Cancer, Urothelial 

Cancer, Renal Cell Carcinoma, Hepatocellular Carcinoma 

and Melanoma. Three clinical trials (two-phase I and one 

phase II) are currently underway, targeting to complete in 

2022/2023 
25

. 

NCT03762447 

NCT04674748  

NCT04629339 

MAX-10181 Solid 

tumours  

Phase I MAX-10181 able to penetrate the blood-brain barrier is 

being developed by Maxinovel Pharmaceuticals. Phase I 

trial given to patients with advanced solid tumour is 

underway in Australia estimated to complete in June 2021. 

NCT04122339 

GS-4224 Solid 

tumours  

Phase 

I/II 

GS-4224 is being developed by Gilead Sciences. A phase 

I/II study is underway in the US and New Zealand for 

advanced solid tumours aiming to complete in 2023. 

NCT04049617 

 

Conclusion 

Summarizing all the above, anti-PD-1/PD-L1 small molecule compounds can guide the 

development of next-generation drug-like inhibitors. If proven successful in clinical trials, these small 

molecules may represent a better therapeutic option from an efficacy and safety point of view. 

Certainly, it would be a lot of gains. The most important if they would enter in the clinical 

development of many solid malignancies which has been proved that mABs with similar mechanism 

of action works. At early stage they would become a rescue of refractoriness of the MoAs which is 

still high (add a reference here). In addition, the medical of management of adverse events would be 

less critical with drug reduction and faster resumption and reduction of the severity of the events.   

Certainly, a large amount of profit would be expected. Most relevant would be some anticipated 

survival benefit as demonstrated with anti-PD1/PDL1 mAbs with similar mechanisms of action. They 

would also be a good rescue medication from the refractoriness of mAbs, which is still high 
26

. 

Furthermore, medical management of adverse events would be less cumbersome as drug 

pharmacokinetics would be better controlled with drastic reductions in drug blood levels and no delays 

in drug resumption, which would presumably also bring a favourable impact on survival. Treatment 

costs may be reduced essentially because of cheaper production and less complicated storage, 

maintenance, and administration than the mAbs. Oral administration will be a significant advantage, 

especially from the patients' perspective and costs perspective, ensuring better treatment compliance, 

wider access and lower treatment toxicity and reducing hospitalizations in an outpatient setting with 

the treatment at home.  It could also allow for friendlier clinical trial study designs using telemedicine, 

direct-to-patient, and home-based nurse help. Although, with such promising prognoses, clinical 

research is mandatory to know the real benefit of these drugs, the usefulness of biomarkers and the 

identification of the population that may have an exceptional response. 
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