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Abstract. Although nivolumab is administered every two or 
four weeks, high programmed cell death‑1 (PD‑1) binding 
of nivolumab on T cells lasting for several months has been 
reported. A relationship between the PD‑1 occupancy rate on 
T‑cells and the efficacy of nivolumab is not yet fully under‑
stood. The present study used flow cytometric analyses to 
determine the time‑dependence of PD‑1 occupancy in five 
patients who discontinued nivolumab. The relationship between 
PD‑1 occupancy at relapse and the efficacy of re‑challenge 
was also studied. Occupancies after discontinuation were 
measured at a total of 32 points. The data indicated that it took 
32.4 and 48.9 weeks to decrease occupancy by 50 and 70%, 
respectively. Subsequently, two patients had recurrence and 
were re‑challenged with nivolumab. At that time, one patient 
had 70.8% occupancy while the other had 6.6%. Treatment was 
effective only for the patient with lower occupancy. Overall, the 
present study suggests that re‑challenge with nivolumab may 
be efficacious in patients with low occupancy at recurrence.

Introduction

Immune checkpoint inhibitors (ICI) targeting programmed cell 
death‑1 (PD‑1) have been developed as cancer immunotherapy 
agents (1,2). Given that PD‑1 is an inhibitory immunogenic 
molecule, the ability of ICI to enhance the immune system 
allows it to eliminate cancer cells (1,2). Patients treated with 
nivolumab often expect longer‑term survival than would 
be obtained with conventional chemotherapies, and overall 
survival curves have been seen to flatten in some clinical 
trials (3‑5). However, extended administration of nivolumab 

raises concerns of immune‑related adverse events (irAEs) and 
can create financial issues (6,7). Therefore, in some patients, 
nivolumab may be discontinued for reasons other than disease 
progression.

In some reports, long‑lasting responses were observed in 
patients even after discontinuation of nivolumab treatment 
and no further anti‑cancer treatment  (8‑10). Although the 
mechanisms of long‑lasting response are not fully understood, 
prolonged binding of nivolumab on T cells is one possible expla‑
nation (11,12). Some groups have indeed reported prolonged 
nivolumab binding on T cells after the last nivolumab infu‑
sion, which has stimulated study of the kinetics of nivolumab 
binding after discontinuation of treatment (11,12). However, 
a relationship between nivolumab binding at relapse and the 
efficacy of nivolumab re‑challenge has not been reported.

Here, we monitored PD‑1 occupancy on T cells of five 
patients who discontinued nivolumab treatment for reasons 
other than tumor progression and determined the relationship 
between the level of nivolumab binding at relapse and the 
efficacy of additional nivolumab therapy.

Materials and methods

Patients and sample collections. Between May  2019 and 
June 2020, peripheral blood samples were collected from 
patients at Kobe University Hospital who had discontinued 
nivolumab administration after long‑term use. Samples 
were collected in heparinized tubes. Peripheral blood mono‑
nuclear cells (PBMCs) then were isolated by density gradient 
centrifugation using Ficoll‑Paque Plus (GE Healthcare, UK) 
and SepMate‑50 tubes (STEMCELL Technologies, Canada), 
according to the manufacturer's instructions.

Flow cytometric analysis for PD‑1 receptor occupancy. 
To detect nivolumab (a human IgG4 monoclonal antibody) 
binding to PD‑1 molecules on circulating CD3+ T cells, 
PBMCs were incubated (4°C, 20  min) with a saturating 
concentration (20 µg/ml) of either unlabeled human IgG4 
(isotype control) or nivolumab, washed extensively, and then 
co‑stained with anti‑human CD3‑APC (Biolegend, USA) 
and murine anti‑human IgG4 biotin (Invitrogen, USA) plus 
BV421 streptavidin (BD Biosciences, USA). PD‑1 binding was 
determined as the ratio of the percent of CD3+ T cells stained 

Transition of the PD‑1 occupancy of nivolumab on T cells after 
discontinuation and response of nivolumab re‑challenge

TAKU NOSE1,  YOHEI FUNAKOSHI1,  HIROTAKA SUTO1,  YOSHIAKI NAGATANI1,  YOSHINORI IMAMURA1,   
MASANORI TOYODA1,  NAOMI KIYOTA1,2  and  HIRONOBU MINAMI1,2

1Department of Medicine, Division of Medical Oncology/Hematology, Kobe University,  
Hospital and Graduate School of Medicine; 2Cancer Center, Kobe University Hospital, Kobe, Hyōgo 650‑0017, Japan

Received October 15, 2021;  Accepted March 21, 2022

DOI: 10.3892/mco.2022.2537

Correspondence to: Dr Yohei Funakoshi, Department of Medicine, 
Division of Medical Oncology/Hematology, Kobe University 
Hospital and Graduate School of Medicine, 7‑5‑1 Kusunoki‑cho, 
Chuo‑ku, Kobe, Hyōgo 650‑0017, Japan
E‑mail: yohei@med.kobe‑u.ac.jp

Key words: occupancy, nivolumab re‑challenge, programmed cell 
death‑1



NOSE et al:  TRANSITION OF PD-1 OCCUPANCY OF NIVOLUMAB ON T CELLS2

with anti‑human IgG4 after in vitro saturation with isotype 
control antibody (indicating in vivo binding) to that observed 
after nivolumab saturation (showing total available binding 
sites) (11). The flow cytometry gating strategy for analysis of 
occupancy rate is shown in Figs. S1 and S2.

Results

Patient characteristics. Five patients who discontinued 
nivolumab treatment for reasons other than tumor progres‑
sion were investigated (Table I). Patient characteristics are 
described in Table  I. One patient had completed a year of 
adjuvant nivolumab following surgery. The other four patients 
with recurrent disease had been treated with nivolumab for 
52‑104 weeks, but decided to discontinue treatment due to the 
stable state of their disease and concern over the development 
of irAEs. All patients underwent computed tomography scans 
every 3‑4 months to monitor tumor growth, during which time 
no further cancer treatments were done.

Monitoring occupancy of nivolumab on PD‑1 of CD3 T cells 
after discontinuation. We monitored the binding of nivolumab 
to T cells by flow cytometric analysis at 32 different times 
(6.4  points/patient). Linear regression analysis indicated 
that it took 32.4 and 48.9 weeks to decrease occupancies by 
50 and 70%, respectively (Fig. 1). The individual ratios for 
each patient are shown in Fig. 2.

Relationship between PD‑1 occupancy at relapse and efficacy 
of retreatment. Patients 4 and 5 had disease recurrence 28 and 
45 weeks after their last nivolumab infusion, respectively, at 
which time treatment was re‑initiated. Nivolumab binding at 
recurrence was 70.8 and 6.6%, respectively (Fig. 2). The flow 
cytometry plots for patients 4 and 5 are shown in Supplemental 
Fig. 2. Only treatment of the patient with 6.6% binding was 
efficacious (Fig. 3). Occupancy in Patient 5 at 4 weeks after 
re‑administration was 68.3% (Fig. 2).

Discussion

The optimal duration of treatment with nivolumab remains 
unknown. In a largely community‑based phase IIIb/IV study, 
CheckMate 153 (13), the effects of either one‑year or contin‑
uous treatment were evaluated. An important result was that 
continuing nivolumab beyond one year improved outcomes (13). 
On the other hand, the financial burden and irAE occurrence on 
long‑term use of nivolumab should be considered. We note that 
therapy with another anti‑PD‑1 antibody, pembrolizumab, was 
ended after 2 years in most clinical trials (14,15). Nivolumab 
discontinuation is one strategy that should be considered for 
patients with prolonged stable disease due to long‑term use of 
nivolumab. Further studies about discontinuation of ICI are 
ongoing (16).

A few previous studies have examined the binding of 
nivolumab to PD‑1 on T cells after nivolumab discontinua‑
tion (11,12). As in our study, Osa et al investigated nivolumab 
binding on T cells in lung cancer patients and reported 
that prolonged binding (more than 20  weeks) was main‑
tained  (12). Consistent with these reports, several studies 
have demonstrated prolonged remission in patients after the 

discontinuation of nivolumab therapy (8,17,18). Accordingly, 
a correlation may be present between long‑term PD‑1 occu‑
pancy and a prolonged treatment effect (9). In our study, two 
patients experienced disease recurrence after discontinuation 
of nivolumab. Patient 4 relapsed 28 weeks after discontinua‑
tion, at which point occupancy was 70.8%. This case might 
therefore suggest that relapse is not associated with a lack of 
nivolumab. It may instead be due to tumor cells developing 
resistance to the drug or to changes in the relationship between 
the cancer and its microenvironment, including immune cells 
and alterations in genes encoding components of the antigen 
processing and/or presentation apparatus (e.g., class I MHC, 
β2‑microglobulin) (19,20). In this case, re‑administration of 
nivolumab was not effective. In contrast, patient 5 relapsed 
45 weeks after the last dose, displaying only 6.6% occupancy. In 
such cases, re‑administration of nivolumab to increase the level 
of binding may be a useful strategy. In fact, occupancy quickly 
increased up to 68.3% at 4 weeks after re‑administration.

In addition to occupancy, a number of other factors have 
been identified as being associated with the effectiveness of 
nivolumab. One group reported a relationship between meta‑
static sites and their numbers and the efficacy of ICI in patients 
with advanced non‑small cell lung cancer (21). In their report, 
patients with brain metastases had shorter overall survival 
than those without, and a greater number of involved meta‑
static organs was related with a poorer response to ICIs. In our 
study, the two patients with recurrence both had a single site 
of recurrence (Patient 4, adrenal grand; and Patient 5, lymph 
node), and the relationship between the number of metastases 
and the effect is not clear. Further studies are needed to reveal 
other factors.

Some studies have investigated ICI re‑challenge in cancer 
patients. One group reported an objective response rate on 
nivolumab re‑challenge of 2.9% and disease control rate of 
42.9% (20). Regarding pembrolizumab, another PD‑1 antibody, 
a second group reported outcomes in patients who completed 
2 years of pembrolizumab treatment: among 21 patients who 
underwent re‑challenge after recurrence, 11 (52.4%) had an 
objective response (22). Furthermore, another group reported 
the results of pembrolizumab re‑treatment in patients with 
melanoma who relapsed 6 months after completing 1 year of 
adjuvant pembrolizumab therapy. Although only 9 patients 
were evaluable, one achieved a complete response and three 

Figure 1. PD‑1 binding vs. time. Binding of nivolumab to T cells was deter‑
mined at 32 different time‑points after discontinuation of treatment. The 
broken line was derived by linear regression of the data.
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patients were categorized with stable disease by re‑chal‑
lenge (23). These reports suggest that re‑challenge might even 
benefit those patients with a history of disease progression after 
ICI therapy. Nevertheless, it remains unclear which patients 
will benefit from re‑challenge. Research into the relationship 
between occupancy and efficacy may aid the identification of 
candidates for re‑administration.

Our study has some limitations. First, it was a small case 
series and only two patients received re‑administration of 
nivolumab. Clarifying the relationship between efficacy of 
re‑administration and occupancy rate will require prospec‑
tive confirmation in larger studies. Second, compared with 
the serum half‑life of nivolumab, occupancy is maintained 
for an extended period. However, the mechanism underlying 
the long‑term residual binding of nivolumab on T cells is still 
unclear. Furthermore, factors influencing the fluctuation of 
binding rate are also unclear. Although two of five patients 
had reduced renal function in our study, there was no clear 
difference in the trend in occupancy between these patients 
and those with normal renal function. Further research into the 

pharmacokinetics of this agent is required. Third, in patients 
4 and 5, because the period between the date of registration 
and recurrence was short, only five and two measurements 
were made, respectively. These numbers may be insufficient 
to clarify the precise trends. We also do not have data on 
occupancy during nivolumab treatment in all patients. To 
improve the accuracy of the trend, measurement at additional 
points would be necessary. Finally, although we believe this 
measurement method for occupancy is sufficient to show a 
trend, degree of measurement error will be present, owing to 
the complicated and multi‑process nature of FACS.

In conclusion, nivolumab occupied PD‑1 on T cells for an 
extended period. Re‑challenge with nivolumab may provide a 
good response in patients with lowered occupancy.
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