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Abstract
Objectives  Nivolumab is used at 3 mg/kg or fixed doses 
of 240 mg every 2 weeks. There was no dose–response/
toxicity relationship of nivolumab. This study evaluated the 
efficacy of low-dose nivolumab as an alternative to the 
financial toxicity of standard-dose nivolumab in treatment 
of non-small cell lung cancer (NSCLC).
Methods  Outcomes of patients with NSCLC treated with 
nivolumab as a routine practice at two tertiary hospitals in 
Korea were retrospectively analysed. Patients who could 
not afford standard nivolumab treatment received low-
dose nivolumab (20 or 100 mg fixed dose every 3 weeks). 
Others received standard dose of 3 mg/kg every 2 weeks. 
Progression-free survival (PFS) and overall survival (OS) 
were measured and compared between low-dose and 
standard-dose groups in overall and stratified analyses 
according to programmed death-ligand 1 (PD-L1) status.
Results  Among the 47 patients with NSCLC, 18 received 
low-dose nivolumab. PD-L1 positivity was observed in 13 
(27.7%) patients and did not differ between the groups. 
During 5.2 months of follow-up, the objective response 
rate was 13.8% in the standard-dose group and 16.7% in 
the low-dose group (p=0.788). Dosing of nivolumab or PD-
L1 expression did not significantly affect PFS or OS.
Conclusion  Low-dose nivolumab can be effective in 
NSCLC and is worth considering as an alternative option 
to reducing financial toxicity. The efficacy of low-dose 
nivolumab requires study.

Introduction
Immune checkpoint inhibitor (ICI) that 
targets either programmed death 1 (PD-1)/
programmed death-ligand 1 (PD-L1) is a 
novel approach for treating certain cancers.1 
Anti-PD-1 antibody, including nivolumab or 
pembrolizumab, has become the standard 
treatment for non-small cell lung cancer 
(NSCLC). The CheckMate-017 and 057 
studies2 3 confirmed the superiority of 
nivolumab compared with docetaxel in 
second-line NSCLC, and the KEYNOTE-
010 study4 confirmed pembrolizumab as a 
standard treatment in second-line NSCLC.

ICI is uniquely different from cytotoxic 
chemotherapy and molecular-targeted 
agents. ICI changes T cells so that they selec-
tively recognise cancer cells and indirectly 

enhances the T cell attack on cancer cells. 
The efficacy and safety of ICI differs from 
cytotoxic chemotherapy or molecular-tar-
geted agents.5 No correlation has been 
observed between dose and efficacy in phase 
I clinical trials with ICIs, and no dose–toxicity 
relationship has been evident. The maximal 
tolerated dose (MTD) for nivolumab has not 
been identified, and a similar safety profile 
has been demonstrated across tumour types 
and dose levels (0.1–10 mg/kg).6 7 Recom-
mended phase II dose and optimal interval 

Key questions

What is already known about this subject?
►► Nivolumab is used at 3 mg/kg or fixed doses of 240 
mg every 2 weeks.

►► There has been no dose–response/toxicity relation-
ship of nivolumab.

►► Immune checkpoint inhibitor  (ICI) is hampered by 
its extremely high cost, which is termed financial 
toxicity.

What does this study add?
►► Among patients with non-small cell lung can-
cer  (NSCLC) treated with nivolumab as a routine 
practice at two tertiary hospitals in Korea, patients 
who received low-dose nivolumab (20 or 100  mg 
every 3 weeks) showed similar survival outcomes 
and response rates to those who received stan-
dard-dose nivolumab.

►► Programmed death-ligand 1 expression did not sig-
nificantly affect progression-free survival or overall 
survival.

How might this impact on clinical practice?
►► Low-dose nivolumab can be effective in NSCLC and 
is worth considering as an alternative option to re-
ducing financial toxicity.

►► Patients or country that cannot afford high cost of 
ICIs might consider low-dose nivolumab rather than 
standard-dose nivolumab.

►► The efficacy of low-dose nivolumab requires fur-
ther well-designed prospective studies, such as a 
non-inferiority phase III trial with sufficient sample 
size.

http://www.esmo.org/
http://esmoopen.bmj.com/
http://crossmark.crossref.org/dialog/?doi=10.1136/esmoopen-2018-000332&domain=pdf&date_stamp=2018-07-25
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were defined without considering MTD. In case of 
pembrolizumab, antitumour activity was observed at all 
doses (1–10 mg/kg) and schedules (every 2 or 3 weeks).8 9 
There was no difference in efficacy between 10 and 2 mg/
kg in the KEYNOTE-010 study.4 Based on that study, 
the Food and Drug Administration (FDA) deemed the 
higher dose unnecessary and approved the pembroli-
zumab dose of 2 mg/kg. More recently a 200 mg fixed 
dose of pembrolizumab was approved, and the FDA has 
approved both 3 mg/kg nivolumab and 240 mg fixed dose 
based on pharmacokinetic data that suggested no differ-
ence between these regimens.10

ICI is hampered by its extremely high cost, which is 
termed financial toxicity.11 The cost per year for an average 
patient weighing 70 kg is about US$157 000.12 The cost to 
treat patients with metastatic disease for 1 year in the USA 
is about US$174 billion.13 Dosing and scheduling are cost 
drivers. To reduce financial toxicity, the low-dose regimen 
might be an alternative option. The purpose of this 
study was to evaluate the efficacy of low-dose nivolumab 
comparing with standard-dose nivolumab in NSCLC.

Methods
Patients and treatment
We retrospectively analysed a database of patients  with 
NSCLC treated with nivolumab at Seoul National Univer-
sity Hospital and Seoul National University Bundang 
Hospital between 1 October 2015 and 30 September 2017. 
The inclusion criteria were pathologically confirmed 
NSCLC, initial stage IIIB or IV or recurrence after cura-
tive surgery and treatment with nivolumab as palliative 
therapy in routine practice.

At the time of analysis in July 2017, nivolumab use was 
not a reimbursable expense in the sole, government-run 
medical insurance system in Korea. Patients with 
NSCLC were required to pay all the cost of nivolumab 
treatment. This non-reimbursement policy remained 
until September 2017. In Korea, the cost of on phial of 
nivolumab 100 mg and 20 mg was approximately US$1500 
and US$350, respectively.

In the current study, patients who cannot afford the 
high cost of nivolumab but highly desired this treatment 
were treated on consent with the low dose. We carefully 
examined the patients’ economic status. We gave low-dose 
nivolumab only to patients who eagerly want to  receive 
nivolumab but cannot pay the cost of standard-dose 
nivolumab with full agreement. Patients who afford 
the high cost received the standard-dose nivolumab. 
Nivolumab was prescribed regardless of PD-L1 immuno-
histochemistry (IHC) status.

The standard-dose group received nivolumab 3 mg/
kg every 2 weeks, and the low-dose group received a 
fixed  dose of nivolumab 100 or 20 mg every 3 weeks. As 
nivolumab is available as 100 mg phial and 20 mg phial 
formula, patients received a  fixed dose of nivolumab 
100 or 20 mg every 3 weeks by their affordable economic 
status. We assumed that low-dose nivolumab 100 mg or 

20 mg flat dose can work based on the phase I studies 
of nivolumab which showed response rate of 29% with 
nivolumab 0.1 mg/kg6 and response rate of 33.3% with 
nivolumab 1.0 mg/kg.7

Treatment continued until disease progression, 
unacceptable toxicity that precluded continuing drug 
treatment or death. Patients were allowed to continue 
treatment despite disease progression if they were 
deriving a clinical benefit according to an investigator’s 
assessment.

Response evaluation
Chest and/or abdominopelvic CT scans were performed 
every 8–12 weeks as a routine clinical procedure, and 
additionally as needed to confirm patient response and 
to assess disease progression. A systemic response to 
nivolumab was measured by standard Response Evaluation 
Criteria in Solid Tumors (V.1.1).14 Objective responses 
were confirmed by at least one sequential tumour assess-
ment. Progression-free survival (PFS) was measured from 
the date of nivolumab until either progression or death 
due to any cause. Overall survival (OS) was measured 
from the date of nivolumab until either death due to any 
cause or the last follow-up date.

IHC of PD-L1
For patients available for IHC analysis, PD-L1 expression 
was analysed using rabbit anti-PD-L1 (E1L3N) XP mono-
clonal antibody (Cell Signaling Technology, Danvers, 
Massachusetts , USA). The details of IHC methods have 
been previously described.15 16 PD-L1 IHC was evaluated 
based on the intensity and proportion of membranous 
staining, with or without cytoplasmic staining, in tumour 
cells and was scored as 0+ (no appreciable staining above 
background), 1+ (weak membranous staining and/
or cytoplasmic staining), 2+ (moderate membranous 
staining and/or cytoplasmic staining) and 3+ (strong 
membranous staining and/or cytoplasmic staining).15 16 
PD-L1 positivity was defined as membranous staining for 
PD-L1 in >1% of tumour cells. All slides were blinded with 
respect to clinical characteristics and outcomes and were 
reviewed and scored by two experienced pathologists.

Statistical analyses
The baseline characteristics of patients and clinicopatho-
logical findings according to dose of nivolumab were eval-
uated using the Χ2 test or Fisher’s exact test where appro-
priate. Survival analyses were performed using the Kaplan-
Meier method and were compared using a log-rank test. 
Cox proportional hazard regression model was applied 
to determine the HR for specific variables with respect 
to survival. Two-sided p<0.05 were considered statistically 
significant. All statistical tests were two-sided and were 
performed using STATA, V.12 software (StataCorp LP).
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Ethics approval and consent to participate
This study was approved by the SNUH and SNUBH Insti-
tutional Review Board (approval nos H-1709-039-883 and 
B-1710-425-401) and was conducted in accordance with 

the Declaration of Helsinki provisions. Patients’ consent 
to participate was waived according to the Institutional 
Review Board because of the retrospective design of this 
study.

Table 1  Baseline demographic and clinical characteristics by nivolumab dose

Total
(n=47)

Standard-dose 
group
(n=29)

Low-dose group
(n=18) P values

Age at diagnosis

 � Median (range) 62 (41–81) 59 (47–81) 63.5 (41–77) 0.982

Sex

 � Male 40 (85.1) 26 (89.7) 14 (77.8) 0.266

 � Female 7 (14.9) 3 (10.3) 4 (22.2)

Histological subtype

 � ADC 29 (61.7) 16 (55.2) 13 (72.2) 0.624

 � SqCC 7 (14.9) 5 (17.2) 2 (11.1)

 � Other* 11 (23.4) 8 (27.6) 3 (16.7)

Smoking history

 � Current or ex-smoker 28 (59.6) 16 (55.2) 12 (66.7) 0.435

 � Never smoker 19 (40.4) 13 (44.8) 6 (33.3)

ECOG PS

 � 0–1 34 (72.3) 20 (69.0) 14 (77.8) 0.511

 � ≥2 13 (27.7) 9 (31.0) 4 (22.2)

Palliative reason

 � Initial metastatic 38 (80.9) 25 (86.2) 13 (72.2) 0.236

 � Recurred 9 (19.1) 4 (13.8) 5 (27.8)

EGFR mutation

 � Positive 4 (8.5) 0 (0.0) 4 (22.2) 0.035

 � Negative 35 (74.5) 23 (79.3) 12 (66.7)

 � Not tested 8 (17.0) 6 (20.7) 2 (11.1)

ALK IHC

 � Positive 2 (4.3) 2 (6.9) 0 (0.0) 0.628

 � Negative 36 (76.6) 21 (72.4) 15 (83.3)

 � Not tested 9 (19.1) 6 (20.7) 3 (16.7)

PD-L1 by IHC

 � Positive 13 (27.7) 9 (31.0) 4 (22.2) 0.142

 � Negative 11 (23.4) 4 (13.8) 7 (38.9)

 � Not tested 23 (48.9) 16 (55.2) 7 (38.9)

Cycles of nivolumab

 � Median (range) 3 (1–20) 2 (1–20) 3.5 (1–10) 0.249

No of regimen before nivolumab

 � Median (range) 2 (1–10) 2 (1–7) 2 (1–10) 0.182

 � 1 18 (38.3) 13 (44.8) 5 (27.8) 0.337

 � 2 16 (34.0) 10 (34.5) 6 (33.3)

 � ≥3 13 (27.7) 6 (20.7) 7 (28.9)

*Other histological subtypes consist of three sarcomatoid type, two large cell carcinoma, four poorly differentiated carcinoma and two not 
otherwise specified type.
ADC, adenocarcinoma; ALK, anaplastic lymphoma kinase; ECOG, Eastern Cooperative Oncology Group; EGFR, epidermal growth factor 
receptor; IHC, immunohistochemistry; PD-L1, programmed death-ligand 1; PS, performance status; SqCC, squamous cell carcinoma.
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Results
Patient characteristics
The clinical characteristics of the 47 patients are shown 
in table 1. The median age of the patients was 62 years, 
and 40 (85.1%) were men. Four (8.5%) patients had 
epidermal growth factor receptor-activating mutations, 
and 2 (4.3%) had anaplastic lymphoma kinase  translo-
cation. Thirteen (27.7%) patients were PD-L1-positive 
by IHC. In the low-dose group, 15 patients received the 
100 mg fixed dose, and 3 patients received the 20 mg 
fixed dose. PD-L1 positivity was not different between two 
groups (22.2% and 31.0% in the low-dose and high-dose 
group, respectively; p=0.142). Nivolumab was prescribed 
as second-line therapy in 18 patients, third-line in 16 
patients and fourth-line or more in 13 patients.

Outcomes of nivolumab between standard-dose and low-dose 
groups
The mean follow-up duration of 47 patients was 5.2 
months, ranging from 0.5 to 14.2 months, and did not 
differ between standard-dose and low-dose groups. Among 
patients in the low-dose group, the best responses were 
partial response in 3/18 (16.7%) patients, stable disease in 
4/18 (22.2%), progressive disease (PD) in 7/18 (38.9%) 
and mixed response (MR) in 3/18 (16.7%). Although 
the standard-dose group included more patients with 
PD (n=20/29, 69%) than the low-dose group, there were 
neither statistically significant differences of objective 

response rate (ORR) (p=0.206) or disease control rates 
(p=0.282) (table 2).

During the study, 25/29 (86.2%) patients in the stan-
dard-dose group and 11/18 (61.1%) in the low-dose 
group had first progression. The median PFS of the 
low-dose group was 3.0 months (0.8 month to not 
reached), which was not significantly different from that 
of the standard-dose groups (p=0.242; figure 1A). Among 
16 patients who died, 12/16 (41.4%) received standard 
dose, and 4/16 (22.2%) received low-dose nivolumab. 
The median OS was 12.5 months in the total patients, 8.2 
months in the standard-dose group and 12.5 months in 
the low-dose group. We did not observe significant differ-
ence between two groups (p=0.305; figure 2A).

To study the survival of standard-dose and low-dose 
groups according to PD-L1 expression, we performed 
stratified survival analysis (PD-L1-positive vs PD-L1-nega-
tive or unknown). Regardless of PD-L1 expression, PFS 
was not statistically different between standard-dose and 
low-dose groups (p=0.187 in PD-L1-positive population; 
p=0.969 in PD-L1-negative or unknown population; 
figure 1B,C). Similarly, these two groups showed non-sig-
nificant difference of OS in both PD-L1-positive and 
PD-L1-negative or unknown population (p=1.000 in the 
PD-L1-positive group; p=0.343 in the  PD-L1-negative or 
unknown group; figure 2B,C).

We included patients who received 20 mg fixed dose 
based on the results of phase 1 trials showing that 

Table 2  Outcomes of nivolumab by dose

Total
(n=47)

Standard-dose group
(n=29)

Low-dose group
(n=18) P values

Best response

 � CR 0 (0.0) 0 (0.0) 0 (0.0) 0.206

 � PR 7 (14.9) 4 (13.8) 3 (16.7)

 � SD 7 (14.9) 3 (10.3) 4 (22.2)

 � PD 27 (57.5) 20 (69.0) 7 (38.9)

 � MR 4 (8.5) 1 (3.4) 3 (16.7)

 � NE 2 (4.2) 1 (3.4) 1 (5.5)

Best ORR* 14.9 13.8 16.7 0.788

Best DCR† 29.8 24.1 38.9 0.282

Progression-free survival

 � Median months (95% CI) 1.1 (0.8 to 3.0) 1.0 (0.6 to 1.7) 3.0 (0.8 to nr) 0.242

Overall survival

 � Median months (95% CI) 12.5 (6.5 to nr) 8.2 (3.1 to nr) 12.5 (7.0 to nr) 0.305

Treatment duration

 � Mean±SD (range) 2.7±3.1 (0.1–11.9) 2.8±3.7 (0.1–11.9) 2.5±1.8 (0.5–6.0) 0.463

Follow-up duration

 � Mean±SD (range) 5.2±3.9 (0.5–14.2) 5.6±4.1 (0.5–14.2) 4.7±3.5 (0.5–12.7) 0.622

*ORR was calculated as summation of CRs and PRs over number of patients multiplied by 100.
†DCR was calculated as summation of CRs, PRs and SDs over number of patients multiplied by 100.
CR, complete response; DCR, disease control rate; MR, mixed response; NE, not evaluable; ORR, objective response rate; PD, progressive 
disease; PR, partial response.
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antitumour activities were observed at 0.1 mg/kg and 
0.3 mg/kg dose levels.6 17 Among three patients, one PD 
and three MR were recorded. A patient who had heavily 
treated lung adenocarcinoma with pleural metastasis 
was given nivolumab 20 mg fixed dose every 2 weeks, but 
presented with mechanical ileus due to colon metastases 
and progressed after 2 cycles with 0.9 month of PFS. 
Another patient with adenocarcinoma with lung-to-lung 
metastasis received 3 cycles of nivolumab with MR of 
lung lesions and has been on nivolumab until 8 cycles. 
The last patient with MR after 2 cycles of nivolumab who 
had disease burden in thorax, abdominal lymph nodes 
and sternum showed 3.3 months of PFS and OS. Best 
response, PFS and dose of nivolumab among 47 patients 
are summarised in figure 3.

Discussion
In this study, low-dose nivolumab (20 or 100 mg fixed 
dose) was effective in the real-world setting for patients 
with NSCLC compared with the currently reported dosing 
of 3 mg/kg every 3 weeks in key landmark trials. ORR, 
OS and PFS among the patients appear to be lower than 
those from the trials, being not different between stand-
ard-dose and low-dose groups. Based on the assumption 

that lower dose requires lower costs, our finding suggests 
that low-dose nivolumab can be both clinically and 
economically worth considering option for patients with 
NSCLC.

Dose selection for ICI treatments presents challenges 
because of the failure to prove a dose–response relation-
ship in several phase I trials with nivolumab or pembroli-
zumab. In a dose–escalation study,6 1, 3 and 10 mg/kg 
nivolumab used in NSCLC treatment were safe and toler-
able without confirmation of MTD. Antitumour activity 
was also observed in all the dose levels with a plateau at 
3 mg/kg of nivolumab. The ORR was 17% in all and was 
lower in the 1 mg/kg group than in the 3 or 10 mg/kg 
dose group regardless of histological type.18 However, OS 
was higher at 3 mg/kg of dose with 1 year OS rate of 56% 
than at other doses tested, which was comparable with 
the 54.2% from our study. These non-linear relationships 
between dose and clinical outcomes were also observed 
in another integrative analysis from phase III trials of 
nivolumab across different cancer types including mela-
noma, NSCLC and renal cell carcinoma.19

In 2017, based on population pharmacokinetic anal-
yses and dose–efficacy analyses,20 240 mg nivolumab 
flat dosing showed similar safety and efficacy compared 

Figure 1  PFS by dose of nivolumab for (A) all patients (n=47), (B) PD-L1-positive patients (n=13) and (C) PD-L1-negative or 
unknown patients (n=34). mPFS, median progression-free survival; nr, not reached; PD-L1, programmed death-ligand 1; PFS, 
progression-free survival.
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with those of 3 mg/kg nivolumab every 2 weeks. This flat 
dose regimen simplified dosing and administration of 
nivolumab and received FDA approval. This unified flat 

dose provides several advantages in terms of preparation 
time and variability according to body weight change. 
Although 240 mg flat dose was selected with consideration 

Figure 2  Kaplan-Meier curves of OS by dose of nivolumab for (A) all patients (n=47), (B) PD-L1-positive patients (n=13) and 
(C) PD-L1-negative or unknown patients (n=34). mOS, median overall survival; nr, not reached; PD-L1, programmed death-
ligand 1; OS, overall survival.

Figure 3  Swimmer plot of 47 patients who received nivolumab as a routine practice. MR, mixed response; NE, not evaluable; 
PD, progressive disease; PD -L1, programmed death-ligand 1; PFS, progression-free survival; PR, partial response.
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of body weight range and nivolumab exposure, a lower 
nivolumab flat dose, such as 100 mg or even 20 mg, might 
show comparable effectiveness with a relatively flat dose–
response relationship. In addition, despite the absence of 
a cost-effectiveness analysis, financial toxicity would likely 
be decreased if the dose of nivolumab could be reduced 
without compromised efficacy.

Lower doses of ICIs may be as effective as higher doses 
and considerably less expensive. The KEYNOTE-00121 and 
KEYNOTE-00222 studies demonstrated that the adminis-
tration of pembrolizumab at doses ranging from 2 mg/
kg every 3 weeks to 10 mg/kg every 2 weeks did not affect 
outcomes. Thus, the lower dose appears equally effec-
tive. The advantage comes in the cost of treatment; the 
monthly costs for an average-sized patient have been esti-
mated to be US$9000 for 2 mg/kg every 3 weeks, US$46 000 
for 10 mg/kg every 3 weeks and US$69 000 for 10 mg/kg 
every 2 weeks13. An unaffordable price of the drug limits 
the patient with cancer access and decreases the finan-
cial quality of life. Under the current system of insurance, 
many patients have to pay large sums out of pocket.23 24 In 
Korea, for a person who weighs 60 kg, the 100 mg fixed dose 
of nivolumab (KRW  1  340  068/100 mg one phial) every 
3 weeks represents a cost saving of about KRW 3 484 176 
each month compared with 3 mg/kg nivolumab adminis-
tered every 2 weeks (KRW 4 824 244/360 mg). The correct 
patient selection is more important than the correct dose. 
The lowest dose level that still exhibits antitumour activity 
needs to be determined.

Our study has several limitations. First, it is a retrospective 
analysis. Second, selection of the low-dose group was based 
on economic status of patients. Those who strongly desired 
nivolumab treatment but who could not afford the high cost 
of the treatment were given the low-dose nivolumab. Patient 
consent was based on the lack of knowledge of the dose–effi-
cacy relationship with a prior phase I trial findings of anti-
tumour activity at doses of 0.1 or 1 mg/kg. Patients unable 
to pay for high cost of standard-dose nivolumab received 
low-dose nivolumab, which is a potential bias. Third, the 
small sample size produced low statistical power. Because of 
small sample size, it is difficult to conclude that there is no 
statistically significant difference.

Despite these limitations, to our knowledge, our study is 
the first to suggest the effectiveness of low-dose nivolumab. 
This concept might be applied to another cancer types 
and another ICI. In conclusion, low-dose nivolumab can 
be effective in NSCLC and could be an alternative option 
for reducing financial toxicity. Patients or country that 
cannot afford high cost of ICI might consider low-dose 
nivolumab rather than standard-dose nivolumab. Further 
well-designed prospective studies, such as a non-inferi-
ority phase III trial with sufficient sample size, are needed 
to confirm the efficacy of low-dose nivolumab. Such a 
non-inferiority prospective trial cannot be performed as 
sponsor initiated trial, academic society should play a role 
with independent viewpoint.
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