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Abstract: Immune checkpoint inhibitors (ICIs) have been shown to be significant in improving the overall survival rate in certain 
malignancies with poor prognoses. However, only 20–40% of patients achieve long-term benefits, highlighting the relevance of the 
factors that influence the treatment, which can help clinicians improve their results and guide the development of new immune 
checkpoint therapies. In this study, the current pharmacokinetic aspects associated with the ICIs and the factors influencing clinical 
efficacy were characterised, including in terms of drug metabolism, drug clearance, hormonal effects and immunosuppressive effects. 
Keywords: immune checkpoint inhibitors, pharmacokinetics, influencing factors

Background
Cancer is one of the major threats to human health.1–3 Cancer cells can bypass the immune system in a variety of ways, 
including through the signal molecules expressed by tumour cells combining with the immune checkpoint on the surface 
of T-cells to jointly inhibit the function of these cells and cause immune escape.2–4 Immune checkpoints (ICs) are 
upregulated during immune cell activation and play a negative regulatory role in the immune response.5,6 Following IC 
activation, the activity of the immune cells is suppressed to prevent excessive damage to the peripheral tissues. It is 
important to have IC proteins to maintain the balance between autoimmunity and self-tolerance; however, the check-
points can help cancer cells keep out of the way of the body’s defences, helping them to avoid the cellular destruction 
that occurs when the immune system attacks.5 To date, more than 10 types of ICs have been identified, with cytotoxic 
T lymphocyte-associated antigen-4 (CTLA-4) and programmed cell death-1/programmed death-ligand-1 (PD-1/PDL-1) 
the most widely studied.

The development of immune checkpoint inhibitors (ICIs) marked a watershed moment in the field of cancer 
treatment.7,8 The ICIs reactivate cancer cell immune responses by blocking the co-inhibitory pathways. Meanwhile, 
CTLA-4 is a transmembrane protein expressed in activated CD4+ and CD8+ T-cells and can competitively bind the 
ligands CD80 and CD86 with CD28. Its affinity for CD80 and CD86 is greater than that of CD28, replacing the latter and 
inducing an inhibitory signal to the T-cells. In fact, CTLA-4 is present in the cytoplasm of the cell, and when the T-cell 
receptors are activated, the CTLA-4 is phosphorylated and transported to the outer membrane of the cell. The CTLA-4 
that has been phosphorylated can compete with its homologue, CD28, for the ligands CD80 and CD86, preventing the 
CD28 from acting as an activator of T-cells. Based on this rationale, the following inhibitors based on the CTLA-4 site 
were developed: ipilimumab (Yervoy®, Bristol-Myers Squibb) and tremelimumab (AstraZeneca).9,10 These two inhibi-
tors counteract the inhibitory effect of CTLA-4, allowing the CD28 to bind to the CD80/CD86 and activate T-cells, 
thereby boosting the immune response.

In addition to CTLA-4, the PD-1/PD-L1 pathway is another IC pathway that has attracted some attention. In fact, PD-1 is an 
important immunosuppressive transmembrane protein expressed on the surface of T-cells, and its main ligand is PD-L1.11 Other 
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co-stimulatory and co-inhibitory receptors, such as glucocorticoid-induced tumour necrosis factor receptor, OX40, 4–1BB, 
immune inhibitory receptor lymphocyte-activation gene 3, and T-cell immunoglobulin and mucin-domain containing-3, are also 
used as targets in clinical trials.12 However, despite the importance of ICIs in the treatment of various cancers, including 
leukaemia, melanoma and non-small-cell lung cancer, little attention has been paid to the therapeutic optimisation and 
individualisation of ICIs due to the individualised differences in drug therapy treatments, and addressing the attendant 
pharmacological issues could help to improve the treatment accuracy and lower the healthcare costs. Therefore, this study 
summarises the pharmacokinetic (PK) and potential clinical influencing factors to provide guidance for individualised clinical 
treatment.

Pharmacokinetic Characteristics
Primarily, ICIs are humanised or human immunoglobulin G 1 (IgG1) and IgG4 antibodies with similar PK characteristics 
to other therapeutic monoclonal antibodies (mAbs). They have little or no effect on the renal and hepatic function, and 
are characterised by a low clearance, a small volume of distribution, extravascular diffusion, a long half-life and an equal 
timing of receptor-mediated linear and nonlinear combined clearance.13 These mAbs have a distribution volume 
comparable to that of plasma, and it has been demonstrated that mAbs administered via any route can reach the 
peripheral tissues.14 The drug receptor’s binding affinity and conjugation-dissociation kinetic characteristics are impor-
tant in the drug distribution process.15 Nonlinear and linear elimination occurs primarily through specific (target- 
mediated) and non-specific (constant fragment-mediated) routes of elimination. The linear and non-specific elimination 
pathways predominate following saturation of the target receptor, resulting in a half-life of three to four weeks for these 
drugs.14,16

The PK parameters of the majority of currently approved ICIs are based on a two-compartment model with linear 
elimination, which includes atezolizumab, avelumab and ipilimumab (but not durvalumab, which has both linear and 
nonlinear characteristics).17–19 The mean maximum reduction (coefficient of variation) was found to have increased from 
17.1% (40.6%) at baseline (atezolizumab) to 41.7% (40.0%) (avelumab) in previous studies.17–19 These changes in 
clearance rate are generally considered not to affect the clinical treatment of the drug. However, recent PK modelling 
analyses conducted by various research institutions suggest that the clearance rate changes correlate with the efficacy.20–23 

It has been reported that the improved aspects of tumour response and overall survival (OS) in patients effectively treated 
with nivolumab, pembrolizumab or atezolizumab are associated with reduced clearance rates, while tumour shrinkage via 
durvalumab is also associated with reduced clearance rates.22,23 One interpretation of this finding is that as the patient’s 
condition improves, a decrease in cachexia will lead to a decrease in catabolism, which will reduce the antibody 
clearance.22,23 The approved ICIs include anti-CTLA-4, anti-PD-1 and anti-PD-L1 agents, and most exhibit PK character-
istics typical of mAbs, with a low clearance and long half-life (Table 1).24–31

Typically, mAbs exhibit little variability in PK characteristics among the patient population, and the introduction of 
certain intrinsic and extrinsic factors into the population’s PK data can help explain part of the observed variation.32 It 
has been reported that the main intrinsic covariates include gender, age and various factors related to disease status 

Table 1 Pharmacokinetic Data on Immune Checkpoint Inhibitors

Name Targeted Immune  
Checkpoints

Clearance (mL/h) t1/2 (days) Therapeutic Cmin  

(mg/mL)

Ipilimumab CTLA-4 15 15 10
Tremelimumab CTLA-4 8–9.9 19–24 30

Nivolumab PD-1 7.9–9.5 25–26.7 n.a.

Pembrolizumab PD-1 8.3 27 >20
Cemiplimab PD-1 8.8 19 60

Atezolizumab PD-L1 8.3 27 6

Avelumab PD-L1 24.6 6.1 1
Durvalumab PD-L1 8.2 17–18 n.a.

Abbreviations: Cmin, serum trough concentration; n.a, not available; t1/2, half-life.
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(including parameters such as tumour type, tumour load and baseline, lactate dehydrogenase and albumin), and that the 
corresponding differences among the patients can result in a variation in PK characteristics.33–35 Most factors affecting 
drug clearance (including age, gender, race, tumour load, Eastern Cooperative Oncology Group and immunogenicity) 
appear to be independent of clinical efficacy since they do not affect the PK parameters by more than 30%.36 However, 
body weight and clearance have been found to be significantly associated with certain mAbs (eg ipilimumab, pembro-
lizumab and avelumab).

Since all the ICIs have been approved only recently, the data on the PK/PD relationship of ICIs remain limited, with 
most based on registration trials involving selected patient populations.37 As with other mAbs (eg bevacizumab, 
trastuzumab and cetuximab), years of clinical practice are required following approval for oncology treatment, specifi-
cally in terms of examining the PK factors and identifying biomarkers that can be used as predictors of the clinical 
outcomes.

Effect of Liver and Kidney Injury on Immune Checkpoint Inhibitors
The Food and Drug Administration (FDA) guidelines recommend assessing the effect of renal injury on drug PKs when 
the molecular weight of the drug is <69 kDa. Given that most mAbs have a molecular weight of 100–1000 kDa, renal 
impairment generally does not affect their PK.16 Renal function is a statistically significant covariate that affects the 
clearance of a number of approved ICIs, but its effect on their PK characteristics is only around 20%–30%. Accordingly, 
the PK characteristics of nivolumab, pembrolizumab and avelumab in patients with mild, moderate or severe renal 
impairment were found to have no clinically meaningful effects when compared to healthy patients in a population PK 
analysis.17,18,38,39 In other PK-based studies, the patients with renal impairment did not require dose adjustments, and 
there were no significant clinical differences in clearance between the patients with renal impairment and those with 
normal renal function.40,41 Elsewhere, neither atezolizumab nor durvalumab PKs were found to have an effect on mild or 
moderate renal impairment, but the effect on severe renal impairment remains unknown.19,21,42 According to current 
research, there is no need to adjust the dose of ICIs in patients with renal impairment.19,42

Given that mAbs are typically degraded by proteases, and hepatic cytochrome enzymes play no role in their 
metabolism, dedicated liver injury studies are rarely carried out. However, the liver plays an important role in proteolytic 
metabolism and can have an indirect impact on mAb PKs. Using markers such as aspartate aminotransferase, alanine 
aminotransferase, albumin and bilirubin as the covariates, population PK models are frequently used to compare the PK 
parameters and exposures among patients with normal and impaired liver function. Since the results of single markers are 
unreliable, the effect of liver damage on mAbs is generally assessed using a composite score (eg the Child–Pugh score).43 

Mild hepatic impairment does not affect the PK characteristics of nivolumab, pembrolizumab, atezolizumab or durva-
lumab, meaning there is no need to adjust the dose in these cases. Most trials have excluded patients with moderate to 
severe liver injury, meaning the effect of mAbs among such patients remains unknown.17,19,38,42 A mild liver injury does 
not affect the PK characteristics of ipilimumab, which are similar to those of patients with normal liver function. Patients 
with moderate or severe hepatic function have not been studied in relation to ipilimumab. Meanwhile, avelumab has no 
clinically meaningful effect on PK characteristics in terms of either mild or moderate liver function, and its effect on 
severe liver damage is unknown.18,33 Therefore, ICI dose adjustment is also not recommended for patients with hepatic 
insufficiency.

Effect of Hormones on the Metabolism of Immune Checkpoint Inhibitors
Many immune-related adverse events (irAEs) can occur with the use of IC drugs. Diarrhoea, rash, hepatitis and 
hypophysitis are the most common irAEs. Researchers have learned to recognise these tumour complications early 
and treat them with immunosuppressive drugs, most commonly corticosteroids.44 Corticosteroids are used to treat and 
prevent excessive inflammation, which could jeopardise the therapeutic mechanisms of ICIs. Lymphopenia and impaired 
T-cell responses to antigens are two mechanisms of action for corticosteroids, which lead to inflammation and reduced 
immune activity.45 Many chemotherapy patients require corticosteroids before, during or after ICI treatment. 
Furthermore, most of the negative effects of ICIs, primarily autoimmune toxicity, are due to the inhibition of immuno-
modulatory checkpoints that induce tolerance. Corticosteroids are commonly used to treat these irAEs. In studies related 
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to ipilimumab treatment for melanoma patients, high-dose steroid therapy was found to have long-lasting antitumour 
effects in patients with irAEs without compromising the drug efficacy.46,47 In contrast, whether hormones affect the 
initial antitumour response to immunotherapy remains unclear. According to a 2018 study, almost one-third of patients 
with non-small-cell lung cancer treated with nivolumab while receiving concomitant corticosteroids had fewer total 
treatment cycles, implying a lower clinical benefit and shorter OS time.48 In 2018 and 2019, two different study groups 
found that using more than 10 mg of a corticosteroid prednisone-equivalent affected the immunotherapy outcomes in 
patients with non-small-cell lung cancer. Elsewhere, Arbour et al found that the use of corticosteroid prednisone- 
equivalents attenuated immune T-cell activity and further weakened the immune efficacy in 640 patients with non- 
small-cell lung cancer treated with a PD-L1 blockade, and the authors recommend using glucocorticoids with caution 
when commencing a PD-L1 blockade.49 The same results were obtained by Fucà et al, whose clinical data indicated that 
the administration of high-dose corticosteroid prednisone-equivalents in 151 clinical patients significantly reduced the 
lymphocyte counts, resulting in a negative effect on the ICI therapy.50 However, the 2019 JCO defended hormones, 
arguing that the condition of the patient’s organism influenced the OS time, independent of hormone use. However, until 
PD-1 antibodies are used, it is recommended not to use hormones if there is no indication for their use. In cases of 
cerebral oedema and respiratory distress, glucocorticoids can be used according to the conventional regimen. Meanwhile, 
the use of topical, oral or intravenous hormones to control immunotoxicity was found not to affect the OS time, meaning 
patients with immunotoxicity should still be treated aggressively with hormones. The rational use of hormones to control 
the side effects does not affect the efficacy.51 Similarly, new evidence suggests that treating irAEs with glucocorticoids 
has no negative impact on the efficacy.52–54

In conclusion, it is unlikely that steroid hormone therapy will affect the efficacy since it is only used for a short time 
before and after chemotherapy. The relationship between the timing and duration of steroid administration should be 
investigated in future studies. The brief use of corticosteroids during chemotherapy with a PD-L1 blockade will not likely 
be as detrimental as the effect of long-term corticosteroid use on the PD-L1 blockade. At the same time, the influence of 
other factors on the disease should be excluded.

Effect of Immunosuppressants on the Efficacy of Immune Checkpoint 
Inhibitors and the Possibility of Rejection in Transplant Patients
In some cases, glucocorticoids alone are insufficient for treating immune-related side effects, and additional immuno-
suppressive drugs, such as antitumour necrosis factor (anti-TNF) mAbs, are required. According to one study, 30% of the 
patients given systemic high-dose corticosteroids failed to completely control their adverse events, necessitating addi-
tional immunosuppressive therapy. The majority of patients only require a single dose of infliximab, while some may 
require a second dose. Long-term treatment with high-dose corticosteroids is preferable to early treatment with 
infliximab.55 Generally, if the symptoms do not improve significantly during the first few weeks of high-dose systemic 
corticosteroid therapy, continued treatment is unlikely to be beneficial, and the patients will most likely require 
infliximab. Whether the use of the drug also has a corresponding effect on the efficacy of PD-1. The FDA currently 
approves the combination regimen of CTLA-4 and anti-PD-1 antibodies for a variety of cancers, including melanoma, 
renal cell carcinoma and colorectal cancer; however, this combination can lead to serious irAEs.

In animal studies, it was found that if TNF inhibitors were given prophylactically at the beginning of the treatment, 
instead of reducing the effect of the immune combination therapy, the effect of the immunotherapy was improved.56 It is 
believed that the short-term use of immune agents does not affect PD-1 efficacy; however, given that there exist few 
relevant studies, especially on the effect of the long-term use of immunosuppressive agents on PD-1 efficacy, more 
evidence from clinical studies is needed.

In another case, a patient with stage-IV small-cell lung cancer treated with cyclosporine and corticosteroid 
prednisone who received three doses of nabumetinumab was reported to experience severe rejection.54 There is also 
evidence that CTLA-4 results in less graft rejection than PD-1 in renal transplant oncology patients.33,57,58 Renal 
transplant recipients have a higher risk of skin cancer, urologic malignancies and other cancers than the general 
population, and it is worth exploring whether this is linked to immunosuppressive therapy. The T-cells activated by 
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PD-1 inhibitors do not only attack malignant tumour cells but also the donor alloantigens of the transplanted kidney. 
Furthermore, in transplant patients, PD-1/PD-L1 is required for the induction and maintenance of peripheral allograft 
tolerance. In addition, this pathway is involved in the induction of regulatory T-cells, which plays an important role 
in suppressing T-cell activation in renal transplant recipients following exposure to alloantigens.59 As a result, even 
with the use of immunosuppressive anti-rejection drugs, there appears to be a risk of rejection with PD-1 treatment 
in renal transplant oncology patients.

Impact of Vaccines on Immune Checkpoint Inhibitors
By affecting the number and quality of long-lived plasma cells, PD-1 inhibitors may affect the humoral response to 
vaccines.60 Infection with the influenza virus is linked to a high morbidity and mortality rate in cancer patients.61,62 

As such, an influenza vaccination is recommended for such patients, especially those receiving antineoplastic 
therapy.63,64 Various studies on vaccine-induced humoral immune responses in patients receiving traditional cyto-
toxic chemotherapy have found that, in general, a concomitant seasonal influenza vaccination is safe for cytotoxic 
chemotherapy patients; however, most of these studies have found that increasing the vaccine dose reduces the 
effectiveness of serum protective antibody titers.65–67 While the humoral immune responses are reduced in patients 
receiving cytotoxic chemotherapy, the response in patients undergoing a checkpoint blockade for cancer is unknown. 
The relationship between ICIs and influenza vaccinations was investigated by Chong et al, and the results indicated 
that among the 370 patients receiving an influenza vaccination within 65 days of ICI treatment, the incidence of 
irAEs was not affected.68 Similarly, a study on trivalent inactivated influenza vaccinations in lung cancer patients 
receiving ICIs (nivolumab or pembrolizumab) revealed that the influenza vaccine induced similar serum antibody 
titers in these patients as in the healthy population. However, the seroconversion rate was significantly higher in the 
oncology patients than in the healthy population, and it was clear that the influenza vaccination in the oncology 
patients receiving ICIs could cause immune overstimulation in response, leading to an increased risk of an ICI- 
induced irAE.69 However, the findings of a large observational study conducted by Wijn et al70 involving lung 
cancer patients only (n = 127) cast some doubt on these findings, with the authors finding no difference in irAEs 
between the vaccinated and unvaccinated non-small-cell lung cancer patients receiving anti-PD-1 and concluding 
that influenza vaccinations should not be discouraged in this patient group. Similarly, Chong et al71 found a similar 
rate of irAEs in clinical ICI trials, implying that the co-administration of influenza vaccines with FDA-approved 
ICIs is both safe and effective. In summary, most studies conclude that vaccinations are safe and effective for 
oncology patients receiving ICIs, while attention should still be paid to the possibility of adverse effects.

Conclusion
At present, various ICIs are on the market, and the focus is on improving the molecular target affinity and clinical 
efficacy without a complete understanding of the rationale for PK modelling. Unlike with chemical drugs, the dose 
selection, especially for mAbs with complex PKs and pharmacodynamics, is a major challenge in the development 
of targeted therapies. However, as previously noted, mAb-related PK studies have revealed significant inter-patient 
variability, with many factors found to influence the patients’ uptake distribution of mAbs. With this in mind, this 
study examined the potential PK factors as well as the current clinical issues, providing useful evidence for further 
investigation into the therapeutic drug monitoring of these mAbs. In this study, it was confirmed that there is no 
need to adjust the ICI dose in patients with renal damage, with the ICIs of patients with mild liver injury not 
requiring a dosage adjustment, while the medication for patients with moderate and severe liver damage requires 
further research. At present, hormones may not affect the efficacy of ICIs, but it is important to study the 
relationship between the administration time and the duration of hormone drugs. Furthermore, more clinical 
evidence is needed to determine whether combined immunosuppressants or vaccines have an impact on ICIs 
(Table 2). Future research should focus on improving the dosage and dosing regimens of these mAbs, as well as 
gradually developing personalised drug treatment regimens through therapeutic drug monitoring to improve the 
success rate of the clinical treatments.
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