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Abstract

-E. Calvo?-J. ). Mata' - V. Escudero-Ortiz' - E. Martinez-Navarro' - A. Catalan’ - J. Rebollo’

Discovery and clinical development of monoclonal antibodies with the ability to interfere in the regulation of the immune
response have significantly changed the landscape of oncology in recent years. Among the active agents licensed by the
regulatory agencies, nivolumab and pembrolizumab are paradigmatic as the most relevant ones according to the magnitude
of available data derived from the extensive preclinical and clinical experience. Although in both cases the respective data
sheets indicate well-defined dosage regimens, a review of the literature permits to verify the existence of many issues still
unresolved about dosing the two agents, so it must be considered an open question of potentially important consequences,
in which to work to improve the effectiveness and efficiency of use.
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Introduction

Cytotoxic T-lymphocyte-associated protein 4 (CTLA-4,
CD152) and the programmed cell death 1/programmed
cell death ligand 1 (PD-1, CD279/PD-L1, CD274) axis are
the best-known checkpoints of the immune system at this
moment. Both are negative regulatory checkpoints, inter-
fering with T-cell function. Several monoclonal antibod-
ies (mAbs) that block them have been developed in recent
years, with the aim of enhancing immune system activity
as immunotherapy against different tumors. Ipilimumab
(anti-CTLA-4), nivolumab, pembrolizumab and cemipli-
mab (anti-PD-1), atezolizumab, durvalumab and avelumab
(anti-PD-L1) have been approved by the regulatory agen-
cies based on the positive results of different clinical tri-
als, both in tumors classically classified as responders to
immunotherapy and non-responders, and in metastatic and
adjuvant setting [1]. The possibilities of combination with
other antitumoral agents in addition to clinical trials cur-
rently underway exploring new indications, with new agents
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and multiple combinations between them permit to foresee
a promising landscape in this therapeutic field.

Unlike other classes of cancer treatments that act directly
on the tumor, cancer immunotherapy first acts via the
immune system. This translates into responses in longitu-
dinal tumor size data that may differ from those classically
observed with chemotherapy or radiotherapy [2]. In the same
direction, immune checkpoint inhibitors (ICIs) do not exert
a direct effect on the tumor cells, but they act by predispos-
ing them to the of effector cells of the immune system. In
addition, the efficacy and safety profiles of ICIs might be
completely different from those of agonistic ones [3]. Iso-
type of IgGs can have a remarkable impact on bioactivity,
being IgG1 e IgG3 more prone to cause antibody-dependent
cell-mediated cytotoxicity (ADCC) and IgG4 more efficient
in the activation of the alternative complement pathway [3].

Nivolumab and pembrolizumab are the approved agents
with the greatest preclinical and clinical experience available
so far. Nivolumab is a human IgG4 mAb that binds with high
affinity and specificity to PD-1 and blocks its interaction
with PD-L1 and PD-L2 (PDCD1LG?2), its natural ligands.
The constant region of the heavy chain of nivolumab con-
tains an engineered hinge region mutation (S228P) [4]. This
mutation has been designed to prevent exchange of Fab’
with endogenous IgG4, retaining the low affinity for activat-
ing Fc receptors characteristic of wild-type IgG4 antibodies
and the minimized both cellular and complement-mediated
cytolytic functions [5]. Pembrolizumab is a highly selective,
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humanized anti-PD-1 mAb IgG4/kappa that blocks the inter-
action of PD-1 with PD-L1 and PD-L2 [6].

We have selected the most relevant literature on the dos-
ing of the two referred agents. An initial search on PubMed
for “nivolumab” or “pembrolizumab” or “immune check-
point inhibitors” and “pharmacokinetics” and/or “pharma-
codynamics” until October 2020 was done. In view of the
large number of publications available, we decided to pay
special attention to the data published by the teams devel-
oping preclinical and clinical aspects in the manufacturer
laboratories (nivolumab, Bristol-Myers Squibb, Princeton,
NJ, USA; pembrolizumab, Merck & Co., Inc, Kenilworth,
NJ, USA). A critical analysis of the reviewed works on
pharmacokinetics (PK), pharmacodynamics (PD), clinical
results, pharmacoeconomics and other related areas, reveals
many issues still unresolved, so the adequate dosage has
to be considered an open question, with a wide margin for
improvement in the efficacy and efficiency of the use of both
drugs. In addition, possibly, this concept might be applied to
other ICIs targeting PD-L1 and above. The present work has
sought to expose the situation from different perspectives
and to propose some way of broadening the knowledge that
might contribute to the aforementioned improvement.

PD-1/PD-L1 axis constitutes an attractive therapeutic
target because PD-1 is only expressed on T cells that are
responding to antigen [7]. However, it is a very complex
control mechanism. After its manipulation paradoxical
responses and sometimes accelerated progression of the
disease can be observed [8].

PD-1 is not expressed by naive T lymphocytes, but
becomes expressed on all T cells during initial antigen-medi-
ated activation through the T-cell receptor (TCR). When the
activating agent is cleared PD-1 expression levels decrease
on responding T lymphocytes. If the antigen is not cleared
(cancer, chronic infections), PD-1 expression can remain
high and sustained. Although TCR engagement constitutes
the most important regulator of PD-1 expression, other TCR-
independent mechanisms can regulate it too [7].

Usually a significant correlation between expression of
PD-L1, T-lymphocytes infiltration and interferon gamma
(IFNY) in the tumor microenvironment (TME) is observed
in human tumors [9]. PD-L1 expression can be heterogene-
ous within the tumor, between primary tumor and metastasis
and between different metastases. It is also inducible and
can vary rapidly over time in response to cytokines in the
TME [3, 10].

The optimal cut-off point of PD-L1 expression in sev-
eral tumors remains to be defined to adjust the prediction
of the response to its blockade with mAb. The most com-
mon expression values considered for defining positivity
have been 1%, 5% and 50%, but different methods have
been reported to quantify it: stained tumor cells/total tumor
cells, all stained cells (tumoral and immunological ones)/
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total cells and others. The relationship between expression
and response is continuous in general (more expression,
better response) but not always, making difficult to stablish
concrete reference points. The complexity of the TME and
the potential effect of previous treatments may contribute
to the inconsistencies observed between PD-L1 expression
and the response after anti-PD-1 administration [10]. Inhibi-
tory mechanisms within the TME including local concen-
trations of certain cytokines (IL10, TGFp), the influence of
additional checkpoints (TIM3, LAG3) and the presence of
metabolic enzymes (IDO, arginase), can generate a highly
immunosuppressive environment and thus abrogate the
function of specific T lymphocytes in the context of PD-1
blockade [11].

Other immunologically related parameters analyzed in
different studies like total mutational burden have shown
value as predictors of response to ICIs, independent of
PD-L1 expression in multivariate analysis [10].

Pharmacokinetics of anti-PD-1 mAbs

PK properties of mAbs differ markedly from non-mAb
drugs, a fact that may have important clinical implications.
mAbs are administered intravenously, intramuscularly or
subcutaneously. Oral route is excluded by molecular size,
hydrophilicity and gastric degradation. The distribution in
the tissue is slow due to the molecular size, and the vol-
umes of distribution are generally low. mAbs are metabo-
lized into peptides and amino acids in different tissues, by
circulating phagocytic cells or cleared from bloodstream by
their target cells containing antigens. Antibodies and endog-
enous immunoglobulins are protected from degradation by
binding to protective receptors as the neonatal Fc receptor
(FcRn), which explains their long elimination half-life (up
to 4 weeks).

mAbs are agents with high molecular weight, prolonged
half-life and little or no renal and hepatic metabolism. Most
of them present both linear and non-linear PK components.
The linear component is attributed to the clearance mediated
by the Fc portion, while the non-linear one is attributed to
the epitope binding [2].

Pharmacokinetics of nivolumab

According to the data sheet, nivolumab PK is linear in the
dose range of 0.1-10 mg/kg. Geometric mean of clear-
ance (CL), terminal half-life, and mean exposure at steady
state at 3 mg/kg every 2 weeks were 7.9 mL/h, 25.0 days
and 86.6 pg/mL, respectively. The metabolic pathway
of nivolumab has not been completely characterized.
Nivolumab is expected to degrade into small peptides and
aminoacids via catabolic pathways as endogenous IgGs.
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In special populations, the PK of nivolumab has shown
no differences in CL according to age, sex, race, type of
solid tumor, tumor size, and liver functional status. Lee
et al. [12] reported that the PK parameters of nivolumab
between different geographical areas (Korea, Japan and
USA) overlapped and showed similar distributions. ECOG
status, basal glomerular filtration rate (GFR), albumin, body
weight and mild hepatic impairment have shown an effect
on nivolumab CL but it has not been clinically significant.
Nivolumab CL increases with the increase in body weight
and decreases over time of continuous treatment. The dos-
age based on body weight generated a uniform minimum
concentration (C;,) in steady state over a wide range of
weights (34-162 kg) [13].

Pharmacokinetics of pembrolizumab

According to the corresponding data sheet, pembrolizumab
is administered intravenously, so it has an immediate and
complete bioavailability. It presents a limited extravascular
distribution and its volume of distribution in steady state is
small (approximately 8.1 L, CV: 22%). As expected, pem-
brolizumab does not bind to plasma proteins in a specific
way. It is catabolized by nonspecific pathways and metab-
olism does not contribute to its elimination. Pembroli-
zumab CL is 0.2 L/day (CV: 41%) with a terminal half-
life of 26 days (CV: 43%). After repeated administration,
pembrolizumab CL was independent of time and systemic
accumulation was 2.1 times higher when administered every
3 weeks. In addition, CL values did not show significant dif-
ferences between the different tumors studied, supporting the
idea of a homogeneous PK among them. Concentrations of
pembrolizumab near steady state were reached at 18 weeks
(mean C,;, at 18 weeks was approximately 22 pg/mL, at a

dose of 2 mg/kg every 3 weeks) [13, 14].

Populational pharmacokinetics of nivolumab
and pembrolizumab

Elassaiss et al. [15] reported the results of modeling based
on PK data both from the KEYNOTE-001 trial and 14,000
simulations. It showed that pembrolizumab PK was non-
linear below 0.3 mg/kg every 3 weeks and linear between
0.3 and 10 mg/kg every 2 or 3 weeks, interval that includes
the doses commonly used in clinic.

In the case of nivolumab, analysis of dose proportion-
ality during base-model development indicated that mod-
els describing the elimination of the drug by a non-linear
model incorporating a Michaelis—Menten elimination term
representing elimination by binding to the epitope did not
improve the quality of the model compared to the considera-
tion of linear elimination alone [16]. This model was used

for the clinical development of nivolumab and was modified
to reflect the time-varying CL [16].

In the final model, nivolumab CL decreases over time,
with a mean maximal reduction from baseline values around
24%. After an intravenous injection, nivolumab experienced
a biphasic elimination, with a rapid distribution phase with a
geometric mean terminal half-life of 32 h followed by a slow
elimination phase with a geometric mean terminal half-life
of 25 days at steady state [16].

Although there is no clear understanding about the vari-
ation of nivolumab CL over time, it has been speculated
that might be associated with the improvement of the dis-
ease and the consequent decrease in the associated cachexia.
Low serum albumin is an indicator of cachexia level and
hypermetabolic state, caused by accelerated protein turno-
ver in these patients (not due to a decrease in synthesis). Its
association with the increase of nivolumab CL is known
and, therefore, the normalization of CL could be associated
with the improvement in the disease situation. In fact, CL
in patients with PS> 0 appeared to be 19% higher than in
patients with PS=0 [16]. In parallel, it has been also asso-
ciated to a lesser disposal of ligand due to the reduction of
the tumor size.

Pharmacodynamics of anti-PD-1 mAb

The search and subsequent use of predictive biomarkers con-
stitutes one of the greatest challenges both in therapeutic
development and clinical practice in oncology [17]. In the
case of anti-PD-1 mAbs, it is unknown what is the minimum
degree of modulation of the receptor that has to be reached
for obtaining a response and for how long [3].

In patients with different types of solid and hematological
tumors, high levels of PD-1 have been detected in circulating
and tumor infiltrating lymphocytes, including T lymphocytes
specific for tumor antigens, perhaps due to chronic antigenic
stimulation [11].

Despite their low frequency in circulation,
CD8+ PD-1+ populations (but not CD8+ PD-1— ones) con-
tained T cells that recognized specific neoantigens of the
patient [18].

At 24 h after administering a first dose of nivolumab
of 10 mg/kg, there was a decrease in the total number of
lymphocytes and CD3+, CD4+ and CD8+ subpopulations,
followed by an increase from days 2 to 29 and a further
decrease from days 29 to 85. These data permitted to specu-
late that anti-PD-1 could cause redistribution of lymphocyte
subpopulations from the blood to the tumor and tissue sites
[4].

In a PD study of nivolumab on peripheral blood
CD3+ lymphocytes, the average occupancy of the PD-1
molecules was above 70% more than 2 months after a
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single dose of 0.3, 1, 3 or 10 mg/kg, without significant
differences related to the dose administered [4, 10]. In
patients affected by solid tumors, more than 70% of the
PD-1 molecules in the circulating T cells were occupied
by nivolumab for more than 2 months after a single intra-
venous injection of doses between 0.3 and 10 mg/kg [19].

After nivolumab administration, PD-1 occupancy was
independent of the dose, with a plateau observed approxi-
mately 57 days after one infusion. With undetectable
serum levels (< 1.2 pg/mL), sufficient concentration per-
sisted to maintain plateau occupancy. Occupancy decayed
after 85 days [4].

No significant changes were observed in the biomarkers
studied at any of the dose levels of nivolumab tested (0.3,
2, and 10 mg/kg) [20].

At doses below 1 mg/kg of pembrolizumab, the likeli-
hood of achieving saturation by binding to the epitope
decreased considerably, while at a dose of 2 mg/kg every
3 weeks or higher increased significantly [15].

Nivolumab PK in a dose range between 0.1 and 20 mg/
kg showed to be linear. As with pembrolizumab, according
to the current available clinical efficacy data, no relation-
ship was found between exposure and efficacy in the dose
range between 0.1 and 10 mg/kg every 2 weeks used in
clinical trials. Target occupancy in circulating T cells was
dose-independent through an interval of up to 30 times
in a phase I study that recruited patients with several dif-
ferent diagnoses. After stopping the treatment, saturation
of the receptor was maintained for several months. Data
suggested that even at the 10 mg/kg dose, it was not possi-
ble to achieve 100% receptor occupancy [20] and for both
pembrolizumab [21] and nivolumab [4], a concentration
of 10 pg/mL was required to reach 90% of the maximum
achievable receptor occupancy [20].

Cytokine production has been used as a method of
measuring response to anti-PD-1 mAb. In mixed lympho-
cyte reactions, the cytokines monitored to measure T-cell
response in culture was different for the two mAb and,
therefore, not directly comparable: IFNy production from
CD4+ T lymphocytes for nivolumab and that of interleu-
kin 2 (IL2) from the Jurkat cell line for pembrolizumab.
Specifically, nivolumab at a concentration range between
0.05 and 50 pg/mL, increased the concentration of IFNy
between 1000 and 4000 pg/mL, while pembrolizumab,
at a concentration range between 0.0149 and 149 pg/
mL, produced increments in the IL2 concentration of
1500-2500 pg/mL [22].

IL2 was also used as a circulating biomarker to find
a pembrolizumab dosing scheme with clinical efficacy.
Notably, the results obtained based in the biomarker
were consistent with those obtained following different
approaches based on models [17].
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Exposures equal or superior to that of 2 mg/kg also
ensured that maximal epitope binding was achieved as
reported in the first PK/PD report of a clinical biomarker in
the KEYNOTE-001 study (release of IL2), which demon-
strated a saturation response at 1 mg/kg [15].

A PK/PD evaluation was performed to establish a rela-
tionship between plasma concentration of pembrolizumab
and modulation of the PD-1 receptor using ex vivo stimula-
tion of IL2 as a clinical biomarker. This evaluation was done
during a phase I trial in which patients with several different
diagnoses were recruited. The results showed a complete
peripheral blockade of the receptor at a dose of 1 mg/kg,
with no significant differences between the doses of 1, 3,
and 10 mg/kg [20].

Exposure-efficacy and exposure-
toxicity relationships of nivolumab
and pembrolizumab

Immunotherapies have unique properties in terms of
response, relapse, and resistance patterns that distin-
guish them from other systemic therapies. In addition,
dose-response and dose—toxicity relationships are not typi-
cally direct or proportional to the dose as in the case of most
cytotoxic chemotherapy or targeted therapies [23]. Different
doses of mAbs do not have a direct relationship with efficacy
and toxicity. In practice, the exposure—efficacy (EE) and
exposure—toxicity (ET) relationships with mAb anti-PD-1
have not been clearly determined [2]. Therefore, the defini-
tion of a minimum immunologically active dose should be
proposed and actively sought [3].

PK and PD are especially relevant for agents that do not
show a linear dose-response relationship, for example to
determine the optimal biological dose (OBD) for targeted
therapies. Further studies are necessary for determining, by
analogy with OBD, if an optimal immunological dose (OID)
based on PK and PD data could be used for immunomodula-
tory mAbs [3].

In the case of pembrolizumab, different studies aimed at
establishing a minimum effective dose. De Greef et al. [24]
specifically stated the appropriate dose range for research in
clinical studies as reported by the minimum effective dose
estimates. According to this approach, a semimechanistic
model that included biological and physiological data key
in the response (such as the distribution of the mAb in the
tumor tissue and the effect of PD-1 inhibition on tumor
growth) was developed. Subsequently, the model was
adapted for the prediction of the expected clinical responses,
focused on determining the lowest doses that had a high
probability of achieving maximum efficacy. The integrated
use of clinical data including PD occupancy of receptor and
translational data extrapolated from animal data resulted in
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aregimen of 1-2 mg/kg administered every 3 weeks as the
lowest dose with optimal probability of maximizing clinical
efficacy. The potential for decreased efficacy was established
for doses below 1 mg/kg [6].

The results of all exposure-tumor size evaluations indi-
cated a flat exposure—response relationship for pembroli-
zumab in the dose range between 2 mg/kg every 3 weeks
and 10 mg/kg every 2 weeks, confirming that the maximum
response was practically reached at 2 mg/kg every 3 weeks
[24].

Chaterjee et al. [25] concluded that pembrolizumab
exposure had no significant clinical impact on response
rates. Analyzing the question from different strategies, they
observed that the exposure to pembrolizumab was not a sig-
nificant predictor of the tumor response in size, showing
that the plateau of the maximum response was found in the
evaluated dose interval (2 and 10 mg/kg every 3 weeks).

The results of these model-based analyses indicated a
prolonged response in many patients, but with wide inter-
patient variability in the evolution of tumor burden over
time. The search for covariates for both models showed that
baseline disease severity (eg tumor size during screening)
was related to the magnitude of the decrease in tumor size,
whereas the relationship between changes in tumor size and
exposure over a range of up to five times the dose was not
statistically significant [25].

Wang et al. [19] described the exposure-response rela-
tionship of nivolumab in advanced melanoma, showing that
exposure to the drug (in the range of 0.1-10 mg/kg every
2 weeks) represented by the concentration over the time after
the first dose was not a significant factor in predicting overall
survival (OS), response rate or toxicity.

Recapitulating multiple previous analyses, Agrawal et al.
[26] concluded that 3 mg/kg every 2 weeks constituted a
unified dose with optimized efficacy in melanoma, renal
carcinoma, and NSCLC. Regarding the nature, frequency,
and severity of treatment-related AEs, they were similar
throughout all dose levels and types of tumors studied. The
likelihood of AEs that led to the interruption of treatment
appeared to be lower in doses of 1 mg/kg or less than in 3
and 10 mg/kg.

Duration of the treatment

The question about the optimal dose definition and thera-
peutic scheme of the anti-PD-1 mAbs is closely related to
the duration of the treatment. It has not yet been determined
under what circumstances the antitumor immunity cycle is
perpetuated in absence of serum drug levels or simply main-
tained through effective serum levels [2].

For other drugs widely used in cancer immunotherapy
such as high-dose IL2 or ipilimumab, schemes with pre-
determined dosage and duration of treatment have been

clearly defined. Both can produce long lasting responses in
melanoma, with a flattening of the overall survival curve
towards 2-3 years [27]. However, optimal sequence, dura-
tion of treatment, and possibility of re-treating patients pre-
viously exposed to nivolumab or pembrolizumab have yet
to be defined [10].

When the patterns of response to anti-PD-1 mAb are ana-
lyzed, four groups of patients can be distinguished, with-
out clear characteristics that a priori can permit to predict
whether they will fit into one or another. The first group is
formed by patients that respond quickly, reaching a com-
plete response (CR) and around 90% maintain the CR after
stopping the drug (both for toxicity and clinical or personal
decision). Those in the second group show long lasting sta-
ble disease (SD) or partial response (PR), requiring con-
tinuous administration of the active agent for maintaining
the response. In the third group, the patients show tumor
progression and the treatment is changed, as is usual in other
anticancer therapies. Finally, the fourth group is constituted
by patients that experience an acceleration of the course of
their disease as a consequence of the therapy.

Regarding the first group, Kushalani et al. [27] recom-
mended the interruption of anti-PD-1 treatment in patients
in CR who had received at least 6 months of treatment. In
the case of the second group, the preliminary results of the
CheckMate-153 study in NSCLC, evaluating duration of
treatment with nivolumab in patients with PR or SD, sug-
gested that it could be detrimental to interrupt the admin-
istration of nivolumab after 1 year of treatment due to a
disease-free survival at 1 year significantly lower (40% vs.
65%, HR 0.42, 95% CI 0.25-0.71) and a non-statistically
significant tendency to a lower 1-year OS (81% vs. 88%)
compared to maintaining treatment until progression [28].
Regarding the fourth group, the need to find predictive fac-
tors to avoid treatment clearly detrimental and contrary to
the patient’s interests is evident [8].

Many relevant data are known in this setting. In a study
conducted in melanoma patients treated with pembroli-
zumab to whom the possibility of stopping treatment after
reaching a CR was given, a disease-free survival (DFS) rate
at 24 months from the CR of 90.9% was found in all patients
with CR (105) and of 89.9% in the 67 patients with CR who
did not continue pembrolizumab and CR was maintained
without additional doses of pembrolizumab in 91% during a
median of 22 months. Only four patients relapsed after drug
was interrupted and three of them returned to respond when
it was restarted. The CR rate was higher in patients without
previous treatment and in those older than 65 years [28].

CheckMate-067, a study that included melanoma patients
comparing treatment with nivolumab vs nivolumab plus ipil-
imumab vs ipilimumab, showed a 3-year OS rate of 67% in
patients who stopped treatment in the combination arm for
toxicity. Patients with LDH greater than two times the upper
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limit or with PD-L1 expression < 1% seemed to benefit more
from the combination than from nivolumab as monotherapy
[27].

The long lasting CR observed after stopping ICIs was
not previously observed with targeted therapies, modality in
which the treatment is prolonged indefinitely or until toxic-
ity or progression [29, 30]. The reported data showed that a
period of attenuated treatment could be adequate to elicit a
long lasting immune response with relevant clinical benefit
[27].

Discussion

As indicated above, a review of the literature shows many
unresolved questions about the dosing of nivolumab and
pembrolizumab, although the respective data sheets have
defined dosage regimens of both agents.

Significant and similar clinical efficacy has been observed
in a wide dose range (> 1 log), both with nivolumab and
with pembrolizumab, without reaching and determining the
MTD for both, permitting to classify them as agents with
wide therapeutic index. Their PK characteristics have been
defined quite accurately, considering different factors that
might have a decisive influence on PK of both. However, the
influence of most of these factors has not been shown to be
relevant in the clinical setting. Currently, fixed-dose sched-
ules, not dependent on body weight, have been proposed and
accepted by regulatory agencies for nivolumab and pem-
brolizumab in view of the results of in silico studies. When
evaluating opportunities to improve the conditions of use,
both for patients and for healthcare providers, it was found
that the unified fixed dose reduced pharmacy management,
preparation time, optimized the use of commercial vials
without waste of drug and also reduced the patient’s time
in the hospital, improving his/her quality of life [14, 31].
In addition, calculation error rate from mg/kg are avoided.

In any case, accepting the evident benefits of fixed dose
schemes, several questions remain to be resolved. For pem-
brolizumab, a fixed dose of 200 mg every 3 weeks was
postulated when it had been previously found that a fixed
dose of 154 mg every 3 weeks caused a steady-state AUC
exposure almost identical to that indicated in the data sheet
of 2 mg/kg every 3 weeks. An adaptation to 154 mg would
imply a reduction greater than 20% of the dose, with the con-
sequent pharmacoeconomic impact, without diminishing the
expectations of response in the light of the known data [14].

Fessas et al. [22] reported a detailed analysis of basic and
preliminary clinical aspects of the two agents. They found
that nivolumab and pembrolizumab were essentially identi-
cal except for the variable regions that bind to the epitope.
They concluded that both drugs could be interchangeable
and that the differences in the results of the clinical trials

@ Springer

between nivolumab and pembrolizumab were more likely
to be independent of the drugs than dependent on them. In
fact, the combined results of pembrolizumab and nivolumab
indicated that the initial development strategies followed by
both companies resulted in very accurate translational pre-
dictions and analyzes of plasma concentration data obtained
from almost 2000 patients treated with nivolumab or pem-
brolizumab shown similar PK properties [17].

In view of previous data, it seems reasonable to evaluate
nivolumab at the dose of 2 mg/kg every 3 weeks or even
doses around 1.5 mg/kg every 3 weeks for both agents. This
also applies to the fixed-dose schemes, for which a strategy
based on multiples of the dose and dosing intervals per body
weight has been developed. Some groups have postulated a
hybrid strategy, administering weight-based dose and cap-
ping it when the flat dose is attained [32], but considering
the half-life of both agents, it might be possible to decrease
the total dose or prolong administration intervals. As pro-
posed by Ratain and Goldstein [33], it is plausible and test-
able that less frequent dosing will not only reduce costs, but
also improve the safety of ICIs.

There is a recognized need for new predictive mark-
ers. Any single biomarker does not perfectly discriminate
between responders and non-responders as of now. Combi-
nations of biomarkers that best captures the dynamic interac-
tion between the tumor and the immune cells in TME should
be developed [34].

Agrawal et al. [26] relativized the value of peripheral PD
markers as occupancy of PD-1, considering that would not
give meaningful information for dose selection, because
peripheral PD-1 would be saturated at relatively low expo-
sures, corresponding to doses of nivolumab of 0.3 mg/kg
every 2 weeks. However, they recognized that the possible
usefulness of peripheral PD-1 occupancy data was affected
by the limited understanding of the relationship between
peripheral and intratumoral occupation and the immu-
nomodulatory activity in the TME.

Different studies reported PK/PD relationships in mAbs
used in the treatment of solid and hematological tumors, sug-
gesting the benefit of therapeutic drug monitoring (TDM) of
these treatments in routine clinical practice [35-37]. TDM
has been considered advantageous for drugs that have a
large interindividual variability in exposure with relatively
low intraindividual variation, significant EE relationship, a
narrow therapeutic window, and availability of a validated
bioanalytical assay [38]. Nevertheless, TDM could also rep-
resent a useful tool to individualize dosing and optimize the
treatment for those drugs with a wide therapeutic window
and high cost [39].

The available studies suggest that ICIs have an accept-
able safety profile even in non-candidate populations
according to common clinical trial criteria, with the excep-
tion of the use in recipients of transplantation of solid
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organs [40] and allogeneic transplantation of hematopoi-
etic progenitors [11]. In cases such as transplants, clinical
problems found in combination treatments, or those raised
by patients with variables not considered in clinical trials
but widely spread in the “real world” (as patients with
previous immunodeficiencies [41, 42]) and considering
the cost of immunomodulatory drugs and the problem of
reimbursement by health systems or insurance companies,
TDM could become an essential tool [3, 43]. In addition
to the “problematic” cases, incorporation of the TDM of
nivolumab and pembrolizumab in routine clinical practice
could help to maintain a therapeutic serum concentration
with lower or less frequent doses, adding a financial ben-
efit, without decreasing clinical efficacy. Peer et al. have
recently reviewed this subject [44].

TDM as an element of therapeutic personalization has
already shown remarkable benefits in the adjustment of
doses of other chronic treatments with mAbs such as inf-
liximab, where they are part of the usual clinical practice.
In addition, considering the heterogeneity of the responses
observed and the wide ranges of doses capable of induc-
ing response, it is mandatory to continue to work in the
discovery and integration of PD biomarkers of easy deter-
mination as can be the PD-1 occupancy, that, in addition
to TDM determinations can offer a personalized effective
use of anti-PD-1, in line with the goal of a OBD or OID.

In those cases in which MTD has not been determined,
or a saturation phenomenon has been observed in PK and
PD parameters, a dose recommendation based on PK/PD
should be favored, potentially in the form of a fixed dose
[3].

The decision about the duration of the treatment probably
needs to be evaluated in a personalized way, incorporating
data from new studies and the clinical course of the patient.
The pharmacoeconomic implications of a limited but effec-
tive schedule of anti-PD-1 in melanoma are profound and go
far beyond the costs of the drug and its administration. In a
disease where improvements in OS have been remarkable,
efforts to return survivors to the workplace should not be
underestimated [27]. Costs make effective dose de-escala-
tion in cancer care an area to be mandatorily explored [33].
Green et al. have reviewed the issue and possible strategies
to do it [45].

Despite the high degree of development achieved with
anti-PD-1 mAb therapy, additional integrated efficacy and
safety assessments are needed to plan clinical dosing and
design of the trials and to help early identification of com-
bination treatments potentially effective and safe. There is
an open field for equivalence studies, comparisons of dif-
ferent doses, schemes, duration of therapy and alternative
and easier administration routes as the subcutaneous one
to optimize the administrations required by each patient to
achieve an optimal immunostimulatory effect.

Conclusions

Current data contribute to confirm former suspects about
the possibilities of exploring new scenarios to improve and
personalize dosage of nivolumab and pembrolizumab, based
in the absence of proven and consistent correlation between
exposure and response or toxicity at clinically tested doses,
even if in this case data are not uniform, mainly in EE rela-
tionship field. Variations in both exposure and individual
response may allow further treatment optimization in indi-
vidual patients and address the significant healthcare costs
associated with use of anti-PD-1 agents.

TDM and pharmacodynamic biomarkers should con-
tribute to the proposed individualization and optimization
dosage of both agents, not only by financial concerns but
also for improving QoL and clinical management aspects.
We propose a dynamic dosing schedule integrating TDM,
PK/PD and clinical response and toxicity data for achieving
the maximal benefit in each patient to substitute the current
one-size-fits-all.
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