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ABSTRACT—Background: Sepsis often induces an immunosuppressive state, which is associated with high mortality

rates. Immunostimulation may be beneficial for sepsis. We investigated the pharmacokinetics, pharmacodynamics, and

safety of nivolumab, a human programmed death-1 immune checkpoint inhibitor approved for the treatment of several

cancers. Methods: In this multicenter, open-label phase 1/2 study, a single 480 or 960 mg nivolumab dose was intravenously

infused into Japanese patients with immunosuppressive sepsis. Doses were selected to mimic the exposure achieved with

the approved dosage for cancer patients (3 mg/kg every 2 weeks [Q2W]). Results: Single 480 and 960 mg nivolumab doses

were intravenously infused into five and eight patients, respectively. The maximum concentration after 480 mg (132 mg/mL)

was similar to the predicted concentration at the end of infusion with 3 mg/kg Q2W (117 mg/mL). The concentration on

Day 28 after 960 mg (33.1 mg/mL) was within the predicted trough concentration range for 3 mg/kg Q2W (90% prediction

interval 19.0–163 mg/mL). Absolute lymphocyte counts and monocyte human leukocyte antigen-DR subtype expression

levels appeared to increase over time. The incidences of adverse events (AEs) were 80% and 50% in the 480 mg and 960 mg

groups, respectively. Drug-related AEs were observed in only one patient in the 480 mg group. No deaths related to

nivolumab occurred. Conclusions: A single dose of 960 mg nivolumab appeared to be well tolerated and sufficient to

maintain nivolumab blood concentrations. Both 480 mg and 960 mg nivolumab seemed to improve immune system indices

over time. Trial registration: JAPIC, JapicCTI-173600.

KEYWORDS—Anti-programmed death-1 (PD-1), clinical trial, immune checkpoint blockade, immunostimulation,

immunosuppression, lymphopenia

ABBREVIATIONS—AE—adverse event; AUC—area under the curve; AUCinf—average AUC from time 0 to infinity; C14d—

concentration on day 14; C28d—concentration on day 28; Ceoi—end of infusion concentration; CL—apparent total body

clearance of the drug from serum; Cmax—maximum concentration; Cmin—trough concentration; CTCAE—Common

Terminology Criteria for Adverse Events; FAS—full analysis set; ICU—intensive care unit; mAb—monoclonal antibody;

mHLA-DR—monocyte human leukocyte antigen-DR subtype; PD-1—programmed death-1; Q2W—every 2 weeks; rTM—

recombinant thrombomodulin; SD—standard deviation; SOFA—Sequential Organ Failure Assessment; T1/2—half-life;

Tmax—time to maximum concentration; TSH—thyroid stimulating hormone; Vd—apparent volume of distribution; Vss—

volume of distribution under steady state conditions
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INTRODUCTION

Sepsis, a life-threatening syndrome characterized by organ

dysfunction, is initiated by community acquired infections or

those acquired in health care settings such as hospitals (1–3).

Septic shock is a subset of sepsis that is associated with an

increased risk of mortality due to underlying circulatory,

cellular, and metabolic complications (4).

Sepsis is a major health burden that occurs in more than one

million individuals annually in the US (5). Ninety-day mortal-

ity after severe sepsis has been reported to be approximately

40%, and those who survive have an increased risk of mortality

and long-term morbidity (6–12). An investigation by the

Japanese Society of Intensive Care Medicine on the prognosis

for sepsis patients analyzed data from 266 patients registered in

the Sepsis Registry of the Japanese Society of Intensive Care

Medicine from October 1 to December 31, 2007 (13). This

investigation reported a 28-day mortality rate of 36.4% and an

in-hospital mortality rate of 37.6% in sepsis patients.

Recently, a number of clinical studies have investigated non-

selective and selective anti-inflammatory drugs, as well as a

range of immunotherapeutic drugs for sepsis. However, these

strategies have all failed to reach clinical significance or have

been stopped mid-study after failing to reduce mortality rates

(14). A potential explanation for this may be found in the data

on the pathophysiology of sepsis, which shows that different

immunological mechanisms play different roles over the course

of an infection (15, 16).

During the early stages of septic shock, there is a release of

inflammatory mediators in response to infection. However, this

inflammatory response is often excessive, and the body sup-

presses this through negative feedback mechanisms. This

immunosuppression has important clinical consequences

including an increased risk of secondary infection, viral reacti-

vation, organ dysfunction, and mortality (17, 18). Considering

this, anti-inflammatory therapies that target pro-inflammatory

biomarkers may only be effective during the proximal phases,

whereas therapies that improve immune competence could

resolve the primary infection and prevent secondary infection

(19, 20). Moreover, upregulation of the PD-1/PD-L1 pathway

was observed in murine models of sepsis; immune function

increased when this pathway was blocked, resulting in

enhanced elimination of bacteria, a decrease in inflammatory

cytokines, and a decrease in mortality due to the mitigation of

organ damage (21–25). Upregulation of the PD-1/PD-L1 path-

way was also observed in sepsis patients and was associated

with an increased risk of secondary infection and death; there is

also evidence that the function of innate and acquired immune

cells improves when this pathway is blocked ex vivo (21, 26–

29). Therefore, we investigated the pharmacokinetics, pharma-

codynamics, and safety of nivolumab (Ono Pharmaceutical Co,

Ltd, Osaka, Japan; and Bristol-Myers Squibb, Princeton, NJ) in

patients with sepsis-induced immunosuppression.

Nivolumab is a monoclonal antibody directed against pro-

grammed death-1 (PD-1), a CD28 family receptor expressed on

activated lymphocytes, that has been proven successful as an

immunomodulatory drug in certain types of cancers (30–32).

The 2018 Nobel Prize in physiology or medicine was awarded
for the discovery of PD-1 (33–35). Nivolumab is an immune-

checkpoint inhibitor that blocks inhibitory pathways, allowing

T cells to become active. Therefore, nivolumab may also have

the potential to improve the immunosuppression associated

with sepsis. Preclinical studies to date have shown that anti-PD-

1 antibodies can improve survival rates in murine models of

sepsis (21, 23–25). Moreover, survival rates were high in adult

patients carrying the A allele of the PD1 single-nucleotide

polymorphism (rs11568821) that was suggested to disrupt its

transcriptional activity (36).

This study, therefore, aimed to evaluate the pharmacokinet-

ics, pharmacodynamics, safety, and tolerability of a single

administration of nivolumab in Japanese patients with sep-

sis-induced immunosuppression.

PATIENTS AND METHODS

Patients

Patients who provided written informed consent were enrolled in the study
(enrolled patients) and those patients who met the following criteria were
administered the study drug (treated patients): �20 years of age; having a
documented or suspected infection (suspected infection being treated with an
ongoing antimicrobial); onset of sepsis or septic shock �24 h before enroll-
ment; at least one of the three organ dysfunction criteria (hypotension [the need
for treatment with any vasopressors for at least 6 h to maintain a systolic
pressure � 90 mm Hg or a mean arterial pressure �65 mm Hg], acute
respiratory failure [patient required invasive mechanical ventilation for �24
h], or acute kidney injury [creatinine >2.0 mg/dL or urine output of <0.5 mL/
kg/h for >2 h]) as set by the Surviving Sepsis Campaign: international guide-
lines for management of severe sepsis and septic shock (37); a lymphocyte
count of �1,100/mL, which was previously reported as a poor prognosis factor
within 96 h prior to the start of the study (38): and being in the intensive care unit
(ICU) at the start of study treatment and having no plans to leave the ICU within
24 h based on the patient’s condition.

Patients were excluded if they met the following criteria: a bodyweight of
�50 kg or �150 kg; previous episode of severe sepsis or septic shock with
admission to the ICU during the current hospitalization; presence of an active,
known, or suspected autoimmune disease (not including type 1 diabetes,
hyperthyroidism that only requires hormone replacement, or skin disorders
not requiring systemic treatment); history of solid organ or bone marrow
transplant; history of malignancies, human immunodeficiency virus, hepatitis
C virus, or chronic hepatitis B virus infections.

Prior exposure to nivolumab or to an anti-PD-1, anti-programmed cell death
ligand 1, anti- programmed cell death ligand 2, antitumor necrosis factor
receptor superfamily member 9, or an anti-cytotoxic T-lymphocyte associated
protein 4 antibody was prohibited as was prior exposure to granulocyte-
macrophage colony-stimulating factor within 4 weeks (or five half-lives,
whichever is longer) of the start of the study. Prohibited concomitant medi-
cations included immunosuppressants, except if there was an adverse event
(AE) where a relationship with nivolumab could not be ruled out.

Study design and treatment

This multicenter, open-label phase 1/2 study involved a single intravenous
administration of 480 mg or 960 mg nivolumab over 90 min, which was
delivered by a study investigator. Using a population pharmacokinetic model
from 10 clinical studies, including 187 Japanese cancer patients (ONO4538-01:
solid tumor, ONO4538-02: MEL, ONO4538-05: NSCLC, ONO4538-06:
NSCLC, ONO4538-08: MEL, CA209001: solid tumor, CA209003: solid tumor,
CA209010: RCC, CA209063: NSCLC, and CA209037: MEL), we predicted
that the maximum concentration (Cmax) from a single 480 mg administration of
nivolumab would be comparable to the end of infusion concentration (Ceoi) of
3 mg/kg every 2 weeks (Q2W), which was the approved dosing regimen for
patients with cancer at the time of planning. Additionally, we predicted that the
trough concentration (Cmin) of 3 mg/kg Q2W nivolumab would be comparable
to the concentration on Day 28 (C28d) of a single administration of 960 mg
nivolumab. It was predicted that Cmax of the 960 mg nivolumab would be below
the value for Ceoi after Q2W dosing with 10 mg/kg, the dose of which was well
tolerated in cancer patients.

Patients were screened for 10 days and clinically evaluated with the
Sequential Organ Failure Assessment (SOFA) score and assessed as to whether
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they required the use of a ventilator, vasopressor, or a dialysis machine (39).
Patients were then administered nivolumab on Day 1 followed by a 28-day
observation period. During this observation period, physical measurements,
including vital signs and 12-lead electrocardiography, were performed during
Week 1, on Day 14, and on the day of discharge. Additionally, general
laboratory measurements were performed during Week 1, and on Days 10,
14, 21 and 28, and on the day of discharge.

Pharmacokinetics

Another primary endpoint was the measurement of nivolumab serum
concentrations using a validated electrochemiluminescence assay that utilizes
the Meso-Scale Discovery platform with a biotin-labeled capture antibody and a
ruthenium-labeled detection antibody. After a single nivolumab administration,
the Cmax, time to reach Cmax (Tmax), Cmin, area under the curve (AUC), apparent
total body clearance of the drug from serum (CL), apparent volume of
distribution (Vd), and half-life (T1/2) were calculated to evaluate the pharma-
cokinetic profile of nivolumab.

Pharmacodynamics

The secondary endpoints included analysis of absolute lymphocyte counts,
which were analyzed by the validated method at each site, and monocyte human
leukocyte antigen-DR subtype (mHLA-DR) expression, which was evaluated
by flow cytometry. Immunosuppression references for lymphocyte counts and
mHLA-DR were �1,100/mL and �8,000 monoclonal antibodies (mAb)/
cell, respectively.

Safety

The primary endpoint was to assess safety outcomes including monitoring of
AEs, serious AEs, and immune-related AEs, which were evaluated based on the
National Cancer Institute Common Terminology Criteria for Adverse Events
(CTCAE) v4.03 (40). Physical measurements, vital signs, general laboratory
tests (e.g., blood biochemistry and urinalysis), and 12-lead electrocardiography
were also monitored.

Statistics

The sample size was based on the number of patients that was feasible to
evaluate the safety and the pharmacokinetic profile of nivolumab and not on any
statistical hypothesis. A minimum of five patients was enrolled in each
treatment group, although up to 10 patients per group were allowed depending
on their evaluability. The full analysis set (FAS) included all patients who were
eligible for inclusion in the study and were administered nivolumab.

Summary statistics were used to calculate nivolumab pharmacokinetic and
pharmacodynamic parameters. AEs were graded by CTCAE and were listed and
tabulated by system organ class and preferred term for each treatment group (40).

Statistical analyses were performed using Phoenix WinNonlin Version 7.0
(Certara USA, Inc, Princeton, NJ), Autopilot Toolkit 7.0 (Certara USA, Inc,
Princeton, NJ) and SAS Version 9.3 (SAS Institute, Cary, NC) for pharmaco-
kinetic evaluation, and SAS Version 9.3 for all other analyses.

Study approval

Ethical approval was obtained from the relevant institutional review boards
and the study adhered to the principles of the Declaration of Helsinki and Good
Clinical Practice guidelines. All patients provided written informed consent
prior to inclusion in the study. This study was registered (JapicCTI-173600).
RESULTS

Patients

In total, 15 patients were enrolled in this study, which was

conducted from July 2017 to March 2018. Two patients were

excluded from the FAS: one patient did not meet both of the

inclusion criteria for organ dysfunction and status of ICU

admission, while the other patient met the exclusion criteria

for reasons due to other sound medical, psychiatric, and/or

social reasons as determined by the investigator. Therefore, 13

patients were included in the FAS, with five patients assigned to

nivolumab 480 mg therapy and eight patients assigned to

960 mg therapy (Fig. 1).
Patient baseline demographics and clinical characteristics

are shown in Table 1. The absolute lymphocyte count, SOFA

scores, and C-reactive protein levels appeared to be different

between the 480 mg and 960 mg groups (Table 1). The mean

(standard deviation [SD]) absolute lymphocyte counts were

1,180 (442)/mL and 636 (273)/mL, the mean (SD) SOFA total

scores were 7.2 (4.9) and 11.8 (4.4), and the mean (SD) C-

reactive protein levels were 94.14 (74.15) mg/L and 203.40

(77.24) mg/L in the 480 mg and 960 mg groups, respectively. In

addition, numerical values (mean [SD]) at baseline and end of

the study for differential white blood cell count, red blood cell

count, platelet count, and other laboratory parameters are

shown in Supplemental Digital Content 1, http://links.

lww.com/SHK/A938.

Pharmacokinetics

The time course of changes in nivolumab serum concentration

from baseline to Day 28 for both groups is shown in Figure 2.

Additionally, we have reported the individual time courses of

nivolumab serum concentration for each patient (see Figure,

Supplemental Digital Content 2A, which shows values in the

480 mg patient group, http://links.lww.com/SHK/A939; see

Figure, Supplemental Digital Content 2B, which shows values

in the 960 mg patient group, http://links.lww.com/SHK/A939).

Table 2 shows the pharmacokinetic parameters of nivolumab

for both treatment groups. The Cmin and the Ceoi were at a

steady state after dosing Q2W with 3 mg/kg and 10 mg/kg

nivolumab as predicted from data on cancer patients. The data

show that the mean Cmax of 480 mg nivolumab was similar to

the predicted median Ceoi after Q2W dosing with 3 mg/kg

nivolumab (132 mg/mL versus 117 mg/mL, respectively). Addi-

tionally, the median values (ranges) of both the concentration

on Day 14 (C14d) and C28d from the 960 mg nivolumab group

(58.6 [34.4–72.6] mg/mL and 33.1 [6.47–44.8] mg/mL, respec-

tively) were within the predicted median (90% prediction

interval) Cmin after 3 mg/kg nivolumab (57.7 [19.0–163] mg/

mL). Moreover, the mean Cmax of the 960 mg nivolumab group

did not exceed the predicted median Ceoi after Q2W dosing

with 10 mg/kg (195 mg/mL versus 393 mg/mL).

Pharmacodynamics

The overall lymphocyte counts and mHLA-DR data are

shown in Figure 3A and B, respectively. The mean (SD)

absolute lymphocyte counts increased from 1,180 (442)/mL

at baseline to 1754 (797) /mL on Day 28 in the 480 mg group

and from 636 (273)/mL at baseline to 1,308 (619)/mL on Day 28

in the 960 mg group. The time course of lymphocyte counts for

each patient in the 480 and 960 mg groups is shown in the

supplemental content (see Figures, Supplemental Digital Con-

tent 3A and B, respectively, which show lymphocyte counts for

each patient, http://links.lww.com/SHK/A940). The mean (SD)

mHLA-DR increased from 5,998 (3,097) mAb/cell at baseline

to 23,650 (9393) mAb/cell on Day 28 in the 480 mg group and

increased from 10,665 (7208) mAb/cell at baseline to 17,181

(7566) mAb/cell on Day 28 in the 960 mg group. The time

course of mHLA-DR expression for each patient in the 480 and

960 mg groups is shown in the supplemental content (see

Figures, Supplemental Digital Content 4A and B, respectively,

http://links.lww.com/SHK/A938
http://links.lww.com/SHK/A938
http://links.lww.com/SHK/A939
http://links.lww.com/SHK/A939
http://links.lww.com/SHK/A940


Treated patients
N=13

Nivolumab 480 mg
n=5

Nivolumab 960 mg
n=8

Completed the study
n=4

Completed the study
n=5

Enrolled patients
N=15

Discontinued
Death: n=1

Discontinued
Death: n=3

Excluded
Ineligible: n=2

FIG. 1. Patient disposition.
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which show mHLA-DR antigen expression for each patient,

http://links.lww.com/SHK/A941).

Safety

The incidence of AEs was 80.0% (n¼ 4) in the 480 mg group

and 50.0% (n¼ 4) in the 960 mg group (Table 3). There was one

serious AE (multiple-organ failure) in the 480 mg group, which

was judged to have no causal relationship to nivolumab. This

patient was diagnosed with kidney disease and after regaining

consciousness, the patient and their family refused ongoing

treatment with dialysis and the patient’s condition deteriorated

and subsequently resulted in death due to multiple-organ failure.

No patients withdrew from the study due to an AE. The

incidences of Grade 3 or Grade 4 AEs were 60% (n¼ 3) and

12.5% (n¼ 1) in the 480 mg and 960 mg groups, respectively

(Table 3). There were four deaths, one in the 480 mg group and

three in the 960 mg group; however, none were judged to have a

causal relationship to nivolumab (Supplemental Digital Con-

tent 5, http://links.lww.com/SHK/A942).

Multiple organ dysfunction syndrome was observed as an AE

and cause of death in a single patient in the 480 mg group. All

three of the patients who received 960 mg were determined to

have died due to exacerbation of underlying disease.

Drug-related AEs were observed in one patient who received

480 mg nivolumab. The drug-related AEs and their graded
progression were as follows: organizing pneumonia (Grade 1

to Grade 2) that remained unresolved (described in more detail

below); Grade 1 C-reactive protein increase, which was resolved;

Grade 4 alanine transaminase increase, which was partially

resolved; Grade 3 aspartate transaminase increase, which

was resolved; Grade 1 alkaline phosphatase increase, which

was resolved; Grade 2 rash, which was resolved; Grade 2

pruritus, which was resolved; and Grade 1 hypothyroidism, which

was resolved after 5 months (described in more detail below).

Further details regarding the case of organizing pneumonia

are as follows: Grade 2 pyrexia was observed on Day 2, which

was resolved on Day 7; Grade 1 organizing pneumonia was

observed on Day 7 and increased to Grade 2 on the same day;

Grade 2 rash was observed on Day 11, which was resolved on

Day 21; and the case of organizing pneumonia was reported as

unresolved as of Day 26. A relationship between pyrexia and

nivolumab was ruled out; organizing pneumonia and rash were

determined to be immune-mediated AEs and related to nivo-

lumab because they were ‘‘Not typical as the course of sepsis.’’

Hypothyroidism was observed on Day 47 and resolved on

Day 200. Changes in thyroid stimulating hormone (TSH) and

other laboratory findings are shown in Supplemental Digital

Content 6, http://links.lww.com/SHK/A943. The incident of

hypothyroidism was Grade 1, non-serious, and immune-medi-

ated; it was determined to be related to nivolumab.

http://links.lww.com/SHK/A941
http://links.lww.com/SHK/A942
http://links.lww.com/SHK/A943


TABLE 1. Baseline characteristics

480 mg nivolumab

(n¼5)

960 mg nivolumab

(n¼8)

Total

(N¼13)

Age, years

Mean (SD) 72.8 (15.9) 73.5 (10.4) 73.2 (12.2)

Sex, n (%)

Male 3 (60.0) 6 (75.0) 9 (69.2)

Female 2 (40.0) 2 (25.0) 4 (30.8)

Body weight, kg

Mean (SD) 60.28 (8.55) 63.68 (9.72) 62.37 (9.08)

Body mass index, kg/m2

Mean (SD) 23.46 (2.80) 25.13 (4.91) 24.49 (4.17)

Details of baseline signs and symptoms, n (%)

Documented infection 4 (80.0) 7 (87.5) 11 (84.6)

Suspected infection 1 (20.0) 1 (12.5) 2 (15.4)

Acute respiratory failure 3 (60.0) 8 (100.0) 11 (84.6)

Acute kidney injury 2 (40.0) 2 (25.0) 4 (30.8)

Hypotension 1 (20.0) 5 (62.5) 6 (46.2)

Other 0 1 (12.5) 1 (7.7)

Absolute lymphocyte count, /mL

Mean (SD) 1,180 (442) 636 (273) 845 (430)

SOFA, total

Mean (SD) 7.2 (4.9) 11.8 (4.4) 10.0 (4.9)

C-reactive protein, mg/L

Mean (SD) 94.14 (74.15) 203.40 (77.24) 161.38 (91.51)

SOFA indicates Sequential Organ Failure Assessment.
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No abnormalities were observed for vital signs and electro-

cardiography measurements in any of the study patients.
DISCUSSION

This study investigated the pharmacokinetics, pharmacody-

namics, safety, and tolerability of nivolumab, a monoclonal

antibody directed against PD-1, for the treatment of sepsis. A

single administration of nivolumab was well tolerated, and no

special safety concerns were observed.

Nivolumab pharmacokinetics were as expected with serum

concentrations within the predicted concentration ranges pro-

vided from the results of nivolumab therapy in Japanese cancer

patients. When considering the median values of both C14d and

C28d in the 960 mg dose group (58.6 mg/mL and 33.1 mg/mL),
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FIG. 2. Change in nivolumab serum concentration over time. Mean
(SD), SD, standard deviation, Patient numbers in the 480 mg group: baseline
(n¼5), 1.5 h (n¼3), 24 to 480 h (n¼5), and 648 h (n¼4).
these were within the 90% prediction interval (19.0–163 mg/

mL) of Cmin of 3 mg/kg Q2W. A single administration of

960 mg nivolumab was therefore observed to result in a suffi-

cient serum concentration level. Furthermore, the Cmax in the

960 mg dose group did not exceed the Ceoi at steady state with

10 mg/kg Q2W, which was the drug regimen used to previously

confirm tolerability in Japanese cancer patients (41, 42). How-

ever, the average AUC from time 0 to infinity (AUCinf) in the

960 mg dose group was similar to that in the 480 mg dose group.

This may have been caused by over-estimation of the AUCinf in

one patient from the 480 mg dose group due to the elimination

phase. Additionally, there was also an underestimation in three

patients from the 960 mg dose group where the drug concen-

tration was only evaluated up to 120 h or 216 h.

It has been reported that a reduced dose of recombinant

thrombomodulin (rTM) in septic disseminated intravascular

coagulation patients with renal impairment did not meet the

expected effective dose (43). From this, it was inferred that

vascular permeability was enhanced in patients with sepsis and

therefore may have had an increased clearance of rTM. In this

study, the overall health condition of patients in the 960 mg

group was clinically worse than that of the patients in the

480 mg group based on baseline SOFA scores and C-reactive

protein data. Therefore, inflammation may have been more

advanced in these patients resulting in an increase in nivolumab

clearance in patients in the 960 mg dose group relative to

patients in the 480 mg dose group.

Mortality was 20% (1/5) in the 480 mg group and 37.5% (3/

8) in the 960 mg group. The mean (SD) baseline SOFA score

was 7.2 (4.9) in the 480 mg group and 11.8 (4.4) in the 960 mg

group. According to a report by Ferreira et al. (44) investigating

SOFA scores and survival rates in critically ill patients, the

survival rate was approximately 20% when the initial SOFA

score was 6–7 and approximately 90% when it exceeded 11.



TABLE 2. Pharmacokinetic parameters

480 mg nivolumab

n¼5

960 mg nivolumab

n¼8

Cmax, mean (SD), mg/mL 132 (39.5) 195 (46.9)
Tmax, median (range), h 1.92 (1.13–21.7) 1.58 (1.42–22.7)
AUClast, mean (SD), mg�h/mL 22,700 (9,740) 27,500 (15,300)
AUCinf, mean (SD), mg�h/mL 41,400 (35,200) 41,100 (27,300)
T1/2, mean (SD), h 548 (332) 273 (221)
CL, mean (SD), (L/h) 0.0162 (0.00725) 0.0416 (0.0365)
Vss, mean (SD), L 8.37 (1.76) 7.95 (3.35)
C14d n¼5 n¼5

median (range), mg/mL 25.3 (9.97–49.4) 58.6 (34.4–72. 6)
C28d n¼4 n¼5

median (range), mg/mL 14.3 (6.51–40.1) 33.1 (6.47–44.8)

Predicted values using a population pharmacokinetics model

(N¼1000)*

3 mg/kg Q2W 10 mg/kg Q2W

Ceoi at steady state†, mg/mL 117 (56.4–239) 393 (192–827)
Cmin at steady state†, mg/mL 57.7 (19.0–163) 198 (66.9–535)

*Population pharmacokinetic model from 10 clinical studies including 187
Japanese cancer patients.
†Median (90% prediction interval).
AUC indicates area under the curve; AUCinf, AUC from time zero to infinity;
AUClast, AUC from time zero to time of last measurable C; C, concentration;
C14d, serum C on Day 14 after the start of administration; C28d, serum C on
Day 28 after start of administration; Ceoi, C at the end of infusion; CL,
apparent total body clearance of the drug from serum; Q2W, dosing every 2
weeks; Tmax, time to reach Cmax; Vss, volume of distribution under steady
state conditions.
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FIG. 3. Change in (A) lymphocyte count over time and (B) mHLA-DR
antigen expression over time. Mean (SD), BL, baseline; mAb, monoclonal
antibody; mHLA-DR, monocyte human leukocyte antigen-DR subtype; SD,
standard deviation. A, Patient numbers in the 480 mg group: baseline to
Day 21 (n¼5) and Day 28 (n¼4). Patient numbers in the 960 mg group:
baseline to Day 4 (n¼8), Day 7 to Day 14 (n¼6), Day 21 (n¼4), and Day 28
(n¼5). B, Patient numbers in the 480 mg group: baseline to Day 14 (n¼5) and
Day 28 (n¼4). Patient numbers in the 960 mg group: baseline to Day 3 (n¼7),
Day 7 (n¼6), and Day 14 to Day 28 (n¼5). Lymphocyte count baseline data
were obtained within 48 h before the administration of nivolumab. mHLA-DR
baseline data were obtained approximately 30 min before the administration
of the study drug. The mHLA-DR antigen expression reference line is at
8,000 mAb/cell and the lymphocyte count reference line is at 1,100/mL.

SHOCK JUNE 2020 NIVOLUMAB IN SEPSIS-INDUCED IMMUNOSUPPRESSION 691
According to a recent report of patients with septic shock by

Hernández et al. (45), the survival rate within 28 days with a

SOFA score of approximately 10 was 34.9% to 43.4%. When

compared with a similar group of patients matched for SOFA

scores, the mortality rate in the present study was the same or

lower than that in past reports.

The pharmacodynamic analysis showed that nivolumab

administration generally caused an increase in lymphocyte

count and mHLA-DR expression in both treatment groups.

Similarly, a case report of nivolumab administration to sepsis

patients reported that both mHLA-DR and absolute lymphocyte

counts tended to increase over time (46). In this report, the

mean fluorescent intensity (MFI) of mHLA-DR increased from

2.88 on Day 9 (baseline) to 5.69 on Day 27, and the lymphocyte

count increased from 661 on Day 0 to 1062 on Day 27. The

relative increases for both mHLA-DR and lymphocyte count

reported in this case study are similar to those observed in the

present study. Additionally, our results are consistent with

results from a phase 1b study of a different anti-PD-L1

(BMS-936559) in sepsis-associated immunopathy patients

(absolute lymphocyte counts �1,100/mL) where mHLA-DR

expression tended to increase (47). In the phase 1b study, 10,

30, 100, 300, or 900 mg of BMS-936559 was administered.

Patients in the low-dose groups (10, 30, and 100 mg) experi-

enced an increase in mHLA-DR from approximately

3,000 mAb/cell on Day 0 (baseline) to approximately

7,000 mAb/cell on Day 30. In the high-dose groups (300 and

900 mg), it increased from approximately 4,000 mAb/cell to

approximately 10,000 mAb/cell. In our study, the relative

increase in mHLA-DR was greater in the 480 mg group

(5,998 to 23,650 mAb/cell) and similar in the 960 group

(10,665 to 17,181 mAb/cell) compared to that reported in the

high-dose groups of the BMS-936559 study (47). It is important
to note that the PD-1 receptor has two ligands, PD-L1 and PD-

L2; while nivolumab targets the PD-1 receptor, BMS-936559

(anti-PD-L1 antibody) targets PD-L1. Although there are no

direct comparisons of the effects of BMS-936559 and nivolu-

mab or of these drugs in sepsis patients, it has been reported that

the efficacies of tezolizumab, an anti-PD-L1 antibody, and that

of nivolumab and pembrolizumab, both anti-PD-1 antibodies,

seemed to be the same in cancer patients (48–50). With respect

to the reported pharmacodynamic parameters in our study, there

were large variations in mHLA-DR values in the 960 mg dose

group, including time points where the monocyte count was

below the sensitivity threshold. This may be a sensitivity issue

with the test or it may be related to the patient’s state of sepsis.

Based on the absolute lymphocyte counts in three of the four

patients who died, it may be that delaying the administration of

nivolumab in some patients is unfavorable, although more

research is required to clarify this association. Each of these

patients had an absolute lymphocyte count of approximately



TABLE 3. Adverse events and adverse drug reactions

480 mg nivolumab

n¼5

960 mg nivolumab

n¼8

Grade

AE

n (%)

Drug-related AE*

n (%)

AE

n (%)

Drug related-AE

n (%)

All 4 (80.0) 1 (20.0) 4 (50.0) 0

Multiple organ dysfunction syndrome 5 1 (20.0) 0 0 0

Alanine aminotransferase increased 4 1 (20.0) 1 (20.0) 0 0

3 1 (20.0) 0 0 0

Aspartate aminotransferase increased 3 1 (20.0) 1 (20.0) 0 0

Hypotension 3 1 (20.0) 0 0 0

Upper gastrointestinal hemorrhage 3 0 0 1 (12.5) 0

Aspiration 3 1 (20.0) 0 0 0

2 0 0 1 (12.5) 0

Decubitus ulcer 2 1 (20.0) 0 1 (12.5) 0

Rash 2 2 (40.0) 1 (20.0) 0 0

Blister 2 1 (20.0) 0 0 0

Cholelithiasis 2 1 (20.0) 0 0 0

Clostridium difficile colitis 2 0 0 1 (12.5) 0

Drug eruption 2 0 0 1 (12.5) 0

Dry skin 2 1 (20.0) 0 0 0

Dysphagia 2 1 (20.0) 0 0 0

Hepatic function abnormal 2 1 (20.0) 0 0 0

Intra-abdominal hematoma 2 0 0 1 (12.5) 0

Mouth hemorrhage 2 0 0 1 (12.5) 0

Organizing pneumonia 2 1 (20.0) 1 (20.0) 0 0

Pharyngeal hemorrhage 2 1 (20.0) 0 0 0

Pruritus 2 1 (20.0) 1 (20.0) 0 0

Pyrexia 2 1 (20.0) 0 0 0

Skin candida 2 0 0 1 (12.5) 0

Skin disorder 2 0 0 1 (12.5) 0

Urinary retention 2 0 0 1 (12.5) 0

Diarrhea 2 0 0 1 (12.5) 0

1 1 (20.0) 0 0 0

Atrial fibrillation 1 0 0 1 (12.5) 0

Blood alkaline phosphatase increased 1 1 (20.0) 1 (20.0) 0 0

C-reactive protein increased 1 1 (20.0) 1 (20.0) 0 0

Hepatitis viral 1 1 (20.0) 0 0 0

Hyponatremia 1 0 0 1 (12.5) 0

Hypothyroidism 1 1 (20.0) 1 (20.0) 0 0

Platelet count increased 1 1 (20.0) 0 0 0

Pneumothorax 1 1 (20.0) 0 0 0

Skin exfoliation 1 1 (20.0) 0 0 0

*All drug-related AEs were observed in the same patient.
AE indicates adverse event.
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500/mL or lower before administration of nivolumab (see

Figure, Supplemental Digital Content 3, which shows a time

course of lymphocyte counts for each patient, http://links.

lww.com/SHK/A940). After administration of nivolumab,

improvements in their lymphocyte count appeared weaker than

in other patients in this study. During the early stage of sepsis

and septic shock, there should be an elevation in inflammatory

cytokines that usually peaks within 36 h but then decreases over

the subsequent 72 h of observation (51). This absence of a surge

in absolute lymphocyte counts may, therefore, be related to

their cause of death.

Sepsis patients are known to have heterogeneous baseline

characteristics, which may make it difficult to select candidates

for nivolumab treatment based solely on immunosuppression-

related selection criteria. Based on reports published to date, an

absolute lymphocyte count of <1,100/mL is thought to be a

prognostic factor (46, 47). Therefore, one idea is to use the

absolute lymphocyte count as a rough guideline for
administering nivolumab to patients with an absolute lympho-

cyte count <1,100/mL. It may also be appropriate to target

immunosuppressed patients for whom sufficient recovery can-

not be expected with other treatments, e.g., patients with

multidrug-resistant bacteria. When considering the efficacy

of nivolumab in clinical practice, we should exercise caution

regarding directly applying data from animal experiments, such

as the effect of nivolumab treatment in murine models of cecal

ligation and puncture (52). There are still many limitations to

animal experiments, including the fact that young rather than

old mice are generally used and experiments are often only

conducted using animals of one sex. Further investigation is

therefore needed to understand its mechanism of action to

properly assist in the selection of patients with sepsis who

are likely to respond to immunological treatment.

A limitation of this study was that it included Japanese

patients only, which limits the generalizability of the results

to other patient populations. Given that the characteristics of

http://links.lww.com/SHK/A940
http://links.lww.com/SHK/A940
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sepsis patients vary widely from patient to patient, it is unlikely

that patient characteristics would differ greatly between Japa-

nese sepsis patients and sepsis patients in other countries such

as the United States. In Japan, disseminated intravascular

coagulation is considered the target of treatment; soluble

recombinant human thrombomodulin and antithrombin III

products are generally administered for septic coagulopathy

(53, 54). In addition, continuous hemodiafiltration aimed at

cytokine modulation (55) is also covered by health insurance

for the treatment of sepsis. The effect of these treatments on

survival rates has yet to be established, meaning that the effect

of these treatments on survival rates in the present study is

likely limited. Other limitations include the small sample size,

the open-label nature of the study, and the absence of a

placebo group.

Overall, this study reveals a favorable safety profile for

nivolumab therapy in the treatment of Japanese patients with

sepsis or septic shock. A dose of 960 mg nivolumab appeared

to be well-tolerated and sufficient to maintain serum concen-

trations at a level comparable to steady state nivolumab at

3 mg/kg Q2W. Furthermore, administration of nivolumab

appeared to improve selected markers of immunity and

alleviate immunosuppression.
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