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Abstract

Introduction Immune checkpoint inhibitors improved survival of advanced stage non-small cell lung cancer patients, but the
overall response rate remains low. A biomarker that identifies non-responders would be helpful to allow treatment decisions.
Clearance of immune checkpoint inhibitors is related to treatment response, but its prognostic potential early in treatment
remains unknown. Our primary aim was to investigate the prognostic potential of nivolumab clearance for overall survival
early in treatment. Our secondary aim was to evaluate the performance of nivolumab clearance as prognostic biomarker.
Patients and Methods Individual estimates of nivolumab clearances at first dose, 6 and 12 weeks after treatment initiation
were obtained via nonlinear mixed-effects modelling. Prognostic value of nivolumab clearance was estimated using univariate
Cox regression at first dose and for the ratios between 6 and 12 weeks to first dose. The performance of nivolumab clearance
as biomarker was assessed by calculating sensitivity and specificity.

Results During follow-up of 75 months, 69 patients were included and 865 died. Patients with a nivolumab clearance > 7.3
mL/h at first dose were more likely to die compared to patients with a nivolumab clearance < 7.3 mL/h at first dose (hazard
ratio [HR] = 3.55, 955 CI 1.75-7.20). The HRs of dose nivolumab clearance ratios showed similar results with a HR of 3.93
(955 CI 1.66-9.32) for 6 weeks to first-dose clearance ratio at a 0.953 cut-point and a HR of 2.96 (955 CI 1.32-6.64) for 12
weeks to first-dose clearance ratio at a cut-point of 0.814. For nivolumab clearance at all early time points, sensitivity was
high (> 0.95) but specificity was low (0.11-0.29).

Conclusion Nivolumab clearance is indicative of survival early in treatment. Our results encourage to further assess the
prognostic potential of immunotherapy clearance.

Abbreviations RECIST Response Evaluation Criteria In Solid Tumours
BMI Body Mass Index TBW Total bodyweight

ECOG  Eastern Cooperative Oncology Group
HR Hazard Ratio

IQR Inter Quartile Range

NSCLC Non-Small Cell Lung Cancer

(0N Overall Survival

PD-L1 Programmed death-ligand 1

Early biomarkers are needed to predict response to
immune checkpoint inhibitors.

The prognostic value of early immune checkpoint inhibi-
tor clearance is unknown.
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1 Background

The introduction of immune checkpoint inhibitors has signif-
icantly improved the prognosis of advanced stage non-small
cell lung cancer (NSCLC). Although this treatment modality
greatly improved survival, still “only” half of all patients
respond to immune checkpoint inhibitors [1]. Identification
of non-responders can be difficult early in treatment as it is
hard at this timepoint to distinguish pseudo-progression and
late-response from non-response [2]. Therefore, approxi-
mately half of all advanced stage NSCLC patients treated
with immune checkpoint inhibitors, are exposed to a treat-
ment they will not benefit from. To minimise unnecessary
toxicity, morbidity and costs of ineffective treatment, early
identification of immune checkpoint inhibitor non-respond-
ers is of urgent need.

There is accumulating evidence that (change in) clearance
of immune checkpoint inhibitors (mainly aspecific degrada-
tion) may serve as an early monitoring biomarker for non-
response to immune checkpoint inhibitors [3—6]. These studies
all demonstrated that both higher immune checkpoint inhibitor
clearance at first dose and smaller or no decrease in clearance
after first dose are related to poor responses to therapy.

However, it remains unclear whether immune check-
point inhibitor clearance could be used to identify non-
responders early in treatment. Essential information,
including the optimal immune checkpoint inhibitor clear-
ance cut-point and the performance of clearance as bio-
marker in terms of sensitivity and specificity is missing for
evaluating its clinical utility to assess survival. Therefore,
our primary aim was to study the prognostic potential of
immune checkpoint inhibitor clearance early in NSCLC
treatment to assess overall survival (OS), considering
optimal cut-points. Our secondary aim was to study the
performance of immune checkpoint inhibitor clearance as
prognostic biomarker. Samples and data were only avail-
able from patients who received treatment with nivolumab.
This article therefore focuses on nivolumab as immune
checkpoint inhibitor.

2 Methods

This study was conducted and reported in accordance with
the STROBE (Strengthening the Reporting of Observational
Studies in Epidemiology) guidelines [7].

2.1 Study Population

Patients were not recruited for this study. Samples and data
were obtained from patients included in a prospective fluid
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phase biopsy study (N13FPB). These patients were treated
at the Netherlands Cancer Institute between 2015 and 2018.
This study was approved by the Medical Ethics Commit-
tee of the Netherlands Cancer Institute. Informed consent
was obtained from all individual participants included in
the study. Patients were included in the N13FPB study using
the following criteria: aged > 18 years; cytologically/histo-
logically confirmed advanced stage (IIIB and IV) NSCLC;
Eastern Cooperative Oncology Group (ECOG) performance
score 0-2 at baseline and written informed consent. Patients
were included in our study using the following additional
criterion: at least 2 nivolumab concentration measurements
available in the first 4 months of nivolumab treatment.

2.2 Data Collection

The following data were collected: gender, age at time of
first administration, bodyweight, ECOG and albumin con-
centration at start of treatment, nivolumab dose and time of
administration and survival data. Peak and trough nivolumab
plasma concentrations were collected for the first 4 months
of nivolumab treatment and quantified using a validated bio-
analytical assay. As the extent of change of nivolumab clear-
ance may be indicative of survival, the prognostic potential
of change of nivolumab clearance from the first nivolumab
dose to 6 and 12 weeks after the first nivolumab dose was
calculated and compared. For these calculations, the 6 and
12 weeks to first-dose clearance ratios were calculated.
These time points were chosen to align with RECIST evalu-
ation version 1.1 at 6 and 12 weeks [8]. Empirical Bayesian
estimates for individual nivolumab clearance were obtained
by means of nonlinear mixed-effects modelling and a pre-
viously developed validated population pharmacokinetic
model of nivolumab [9] using the software package NON-
MEM version V7.5 (ICON, Ireland).

2.3 Statistical Analyses

To investigate the prognostic potential of nivolumab clear-
ance for OS as a primary endpoint, survival time differences
were compared by means of log-rank tests using Kaplan-
Meier analyses. These analyses were performed for the
estimated nivolumab clearance at first dose as well as the
ratio of the estimated nivolumab clearance from the first
dose to 6 and 12 weeks. To adjust for multiple testing of
the prognostic value of nivolumab clearance on these three
time points on the same dataset, we performed a Bonferroni
correction; a p-value of 0.0167 (0.05/3) was considered sta-
tistically significant. In order to divide the dataset into two
groups for univariate analyses based on nivolumab clear-
ance, optimal cut-points in nivolumab clearance were calcu-
lated using maximally selected rank statistics. This method
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aims to maximise the statistical significance between these
groups based on differences in OS. We used the rank sum
statistic, based on the Wilcoxon rank-sum test, to evaluate
the association between nivolumab clearance and OS. The
optimal cut-point was chosen as the one with the highest
rank sum statistic, enabling us to analyse the relationship
between nivolumab clearance and OS more effectively. Sec-
ondary, the performance of nivolumab clearance as prog-
nostic biomarker was assessed by calculating sensitivity,
specificity and accuracy for the outcome “non-response”
with standardised formulas. For these calculations, patients
were categorised as non-responder if they died (any cause)
within 6 months from start of treatment with nivolumab,
as this corresponds to the OS of patients who receive best
supportive care (BSC) as 2nd line of treatment [10]. As the
purpose of our analysis was to distinguish non-responders
with high certainty, the aimed specificity for our analyses
was > 0.95. All statistical analyses were performed using R,
with Rstudio version 1.1.463 as interface and using packages
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“survminer”, “ggplot2” and “maxstat” [11-13].

3 Results
3.1 Patient Characteristics

In our cohort of 69 patients, the median age was 64 years
and median bodyweight 74 kg. The majority of patients
was male (615). The ECOG performance score was 0 or 1
before start of nivolumab treatment for 905 of the patients
and median albumin was 42 mg/mL. Treatment with
nivolumab was mainly (715) administered as 2nd line
treatment. Because testing for programmed death-ligand
1 (PD-L1) expression was not standard-of-care during the
study period, PD-L1 expression was partly unknown (N
= 24 missing, 355). All patients were immunotherapy-
naive and received nivolumab as monotherapy. No ROS1,
ALK or classic EGFR mutations were found in our study
population (Supplementary Material 1). Patients in our
cohort had a median OS of 11 months and according to
our definition, 705 of the patients responded to nivolumab
therapy (i.e., did not die within 6 months). At the end of
data collection in July 2022 and a follow-up of 75 months,
865 of all patients died. A summary of the study popula-
tion characteristics is presented in Table 1. Information
on observed nivolumab measurements versus time after
last dose and the model code can be found in Supplemen-
tary Material 2 and 3, respectively.

3.2 Prognostic Potential of Nivolumab Clearance

To predict OS, the optimal cut-point for nivolumab clearance
at first dose was estimated to be 7.3 mL/h by maximally

Table 1 Patient characteristics (N = 69)

Age at baseline, median (IQR)
Female, N (%)
PD-L1, N* (%)

<1

1-49

>50
Ex- or current smoker®, N (%)
Packyears, median (IQR)
Bodyweight at baseline, median (IQR)
BMI at baseline, median (IQR)
Brain metastases, N (%)
Albumin at baseline, median (IQR)
ECOG performance score, N (%)

0

1

2

Missing
Treatment line, N (%)

Received previous radiotherapy®, N (%)
Nivolumab dose, N (%)

3 mg/kg (TBW)

240 mg (fixed)

Nivolumab concentration measurements per

patient, median (IQR)

Timing® nivolumab concentration measurement,

median (IQR)

First

Second

Third
Overall survival

0OS, median (IQR)

N death-event at data cut-point (%)

N no event at end of follow-up (%)
Response, N (%)

Responder

Non-responder

64 years (58-68)
27 (39)

31 (45)
9 (13)

5(7)

57 (83)

33 (25-41)

74 kg (63-84)

24 kg/m? (21-26)
20 (29)

42 mg/mL (40-44)

13 (19)
49 (71)
50D
2(3)

2(3)
49 (71)
12 (17)
5(7)
1(1)
41 (59)

22 (32)
47 (68)
2(2-2)

14 days (13-15)
83 days (55-85)
121 days (98-139)

11 months (5-23)
59 (86)
10 (14)

48 (70)
21 (30)

BMI body mass index, ECOG Eastern Cooperative Oncology Group,
IQR interquartile range, OS overall survival, TBW total body weight

AN = 24 missing

PN =2 missing

°N =7 missing
dRelative to first dose

selected rank statistics. Patients with a nivolumab clearance
> 7.3 mL/h at first dose were more likely to die during the
study compared to patients with a nivolumab clearance <7
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Fig. 1 Kaplan-Meier overall 100
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.3 mL/h at first dose (HR = 3.55, 955 CI 1.75-7.20, p =
0.00045) (Fig. 1). Median OS was 10.6 months for patients
with a nivolumab clearance > 7.3 mL/h at first dose and 32.4
months for patients with a nivolumab clearance < 7.3 mL/h.
Baseline albumin was not significantly lower in patients with
high nivolumab clearance at first dose compared to patients
with low nivolumab clearance at first dose (mean 42 vs 43
mg/mL, respectively, p = 0.1083). Sensitivity of clearance
at first dose to distinguish non-responders was high (0.95),
but accuracy was low (0.49) due to a high false-positive rate
(635) (Table 2 and Supplementary Material 4).

For the 6 weeks to first-dose ratio of nivolumab clear-
ance, the optimal cut-point was estimated to be 0.953 by
maximally selected rank statistics. Patients with a 6 weeks
to first-dose clearance ratio > 0.953 were more likely to
die during the study period compared to patients with a
ratio < 0.953 (HR = 3.93, 955 CI 1.66-9.32, p = 0.00191)
(Fig. 1). Median OS was 10.9 months for patients with a 6
weeks to first-dose ratio of nivolumab clearance > 0.953
and 38.2 months for patients with a 6 weeks to first-dose
ratio of nivolumab clearance < 0.953. Sensitivity of the
change of nivolumab clearance from first dose to 6 weeks
to distinguish non-responders was optimal (1), but accuracy
was again low (0.43) due to a high false-positive rate (655)
(Table 2 and Supplementary Material 4).

For the 12 weeks to first-dose ratio of nivolumab clear-
ance, the optimal cut-point was estimated to be 0.814 by
maximally selected rank statistics. Patients with a 12 weeks
to first-dose clearance ratio > 0.814 were more likely to die
during the study period compared to patients with a ratio <
0.814 (HR = 2.96, 955 CI 1.32-6.64, p = 0.00823) (Fig. 1).
Median OS was 10.9 months for patients with a 12 weeks
to first-dose ratio of nivolumab clearance > 0.814 and 35.0
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Time (months)

Cl 6-weeks-to-first-dose ratio <0.953 == Cl 12-weeks-to-first-dose ratio <0.814
Cl 6-weeks-to-first-dose ratio 20.953 =| ClI 12-weeks-to-first-dose ratio 20.814

months for patients with a 12 weeks to first-dose ratio of
nivolumab clearance < 0.814. Again, sensitivity was optimal
(1) but accuracy was low (0.43) due to the high false-positive
rate (635) (Table 2 and Supplementary Material 4).

4 Discussion

This is the first study that explored the prognostic potential
of nivolumab clearance on early time points. Our analyses
revealed that nivolumab clearance at first dose, as well
as the subsequent changes in nivolumab clearance over
6 and 12 weeks, hold significant prognostic potential for
survival among NSCLC patients undergoing nivolumab
treatment. Moreover, our findings suggest that changes in
nivolumab clearance over 6 and 12 weeks do not confer
superior prognostic potential when compared to nivolumab
clearance at first dose.

Previous research has demonstrated that high nivolumab
clearance is linked with shorter survival among lung
cancer patients in contrast to those with low nivolumab
clearance [3, 14, 15]. Our study supports these findings
and provides valuable information regarding the sensitiv-
ity and specificity required for predicting non-response
to treatment, which is critical for evaluating the clinical
potential of prognostic biomarkers. The use of immune
checkpoint inhibitor clearance as an early survival bio-
marker offers practical advantages, as quantitative assays
for these monoclonal antibodies are widely available
[16—19]. These biomarkers are determined through blood
sampling, which can be easily combined with routinely
performed blood sampling in daily clinical practice to
minimise invasiveness.
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Table 2 Performance of
nivolumab clearance as

Clearance at first

6 weeks to first-dose ratio of 12 weeks to first-dose

. dose nivolumab clearance ratio of nivolumab clear-
prognostic biomarker for ance
treatment non-response
Sensitivity 0.95 1.00 1.00
Specificity 0.29 0.19 0.11
Accuracy 0.49 0.43 0.43

Our study had some limitations. We aimed for high
specificity (= 0.95) to enable physicians to stop immune
checkpoint inhibitor treatment for non-responding
patients. However, high specificity was not reached,
which may be due to two decisions in our used method.
Our definition of non-response (see Methods) was based
on the OS of patients receiving BSC as second-line treat-
ment who may have been unfit for systemic treatment
[10]. Although the majority of our study population also
consisted of patients who received nivolumab as second-
line treatment, they were in a generally good condition, as
reflected by their ECOG performance score of 0—1. Thus,
our study participants had a median survival longer than 6
months, which resulted in a high false-positive rate (Sup-
plementary Material 3) and low specificity. Additionally,
our cut-points of nivolumab clearance were calculated
by maximally selected rank statistics based on OS and
not specifically on “non-response”, contributing to low
specificity. However, high sensitivity may also be valu-
able for treatment decisions, as it indicates responders
with high certainty, which enables the treating physician
to reduce intensity of follow-up. The generalisability of
our findings to the first-line setting with pembrolizumab
remains to be investigated, but we expect similar poten-
tial to distinguish treatment non-response because the
pharmacokinetic characteristics overlap. Furthermore,
the retrospective study design may have resulted in miss-
ing data and smaller sample size, potentially contributing
to selection bias and lower accuracy. Our dataset lacked
complete information regarding PD-L1 expression and
tumour histology for some participants, which may have
contributed to variations in treatment response. However,
we did not identify any genetic alterations that influence
the response to nivolumab treatment. Therefore, we do
not anticipate that the absence of tumour histology data
compromises the validity of our results. The retrospec-
tive design of our study could also have contributed to
the selection of subjects in a relatively good condition as
their follow-up was more complete.

One could also argue that the underlying mechanism
for differences in nivolumab clearance i.e., cachexia, could
directly explain differences in non-response or survival.
Cachexia, characterised by lower body weight, worse per-
formance scores and hypoalbuminaemia due to increased

catabolism [20, 21], among other symptoms, could theo-
retically account for differences in nivolumab clearance
and possibly explain variations in non-response or sur-
vival. Although in our population albumin levels were not
significantly different between patients with high and low
nivolumab clearance at first dose, we cannot rule out that
cachexia is an independent marker for survival. Moreover,
the selection of subjects with a relatively good performance
score in our study could result in relatively low nivolumab
clearance, as cachexia is related to high nivolumab clearance
via increased catabolism [22]. However, median nivolumab
clearance estimated in our dataset of 9.4 mL/h is comparable
to previously reported values (9.5 mL/h) [23]. The retrospec-
tive study design also forced to estimate nivolumab clear-
ance largely (975) on trough concentrations. Even though
trough concentrations provide better information regarding
clearance than peak concentrations, richer sampling would
help to estimate the individual nivolumab clearance.

Despite these limitations, multiple advantages of this
study can be noted. First, OS as response measure is an
objective endpoint, which facilitates straightforward inter-
pretation and easy reproducibility for clinical validation, in
contrast to endpoints like best overall response, which is
based on imaging using RECIST version 1.1 [8]. Also, sur-
vival data were known for the majority of our subjects and
a long-term date last known alive (3 months to 6 years after
start nivolumab treatment) was known for the remainder,
which resulted in thorough survival analyses.

Because a considerable number of NSCLC patients
treated with immune checkpoint inhibitors do not respond
to therapy, there is an urgent need for tools that can help us
detect non-response early during treatment. Our results show
that nivolumab clearance early in treatment is indicative of
primary immunotherapy resistance in NSCLC patients.
These results are promising for the prognostic potential of
pembrolizumab clearance, which is currently used as first-
line treatment of NSCLC.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40262-023-01316-5.
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