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Abstract Nivolumab (Opdivo�; Nivolumab BMSTM)

was the first programmed death (PD)-1 immune checkpoint

inhibitor to be approved for use in advanced, squamous

non-small cell lung cancer (NSCLC) following prior

chemotherapy. In the pivotal CheckMate 017 trial, intra-

venous nivolumab 3 mg/kg every 2 weeks was associated

with significantly better overall survival and progression-

free survival and a significantly higher overall response

rate than intravenous docetaxel in the second-line treatment

of advanced, squamous NSCLC. Nivolumab was also

better tolerated than docetaxel in CheckMate 017, and its

adverse event profile (which included immune-mediated

adverse events) was manageable. In conclusion, nivolumab

represents an important advance in previously-treated,

advanced, squamous NSCLC.

Nivolumab in advanced, squamous non-small cell

lung cancer (NSCLC): a summary

First PD-1 immune checkpoint inhibitor approved

for the treatment of advanced, squamous NSCLC

following prior chemotherapy

Significantly better overall survival and progression-

free survival seen with nivolumab versus docetaxel

in the second-line treatment setting

Durable responses seen with nivolumab, with a

significantly higher objective response rate than

docetaxel

Manageable adverse event profile (including

immune-mediated adverse events)

Better tolerated than docetaxel

1 Introduction

Lung cancer is often diagnosed at a late stage and is the

leading cause of cancer death worldwide [1, 2]. Non-small

cell lung cancer (NSCLC) accounts for [85 % of lung

cancer cases, with the nonsquamous histological subtype

(including adenocarcinoma, large-cell carcinoma and other

cell types) seen in &70 % of NSCLC cases and the

squamous histological subtype seen in the remaining 30 %

of cases [2, 3].

The programmed death (PD)-1 receptor is expressed on

activated T cells and the key ligands for this receptor are

PD-L1 and PD-L2 [4, 5]. PD-L1 is upregulated in many

tumours, including NSCLC, and this overexpression is
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thought to help tumours evade immune responses [6, 7].

Binding of PD-L1 or PD-L2 to PD-1 receptors inhibits

T-cell activation and dampens antitumour immune

responses [7]. Thus, the PD-1 receptor represents a rational

target for cancer immunotherapy.

Nivolumab (Opdivo�; Nivolumab BMSTM) was the

first PD-1 immune checkpoint inhibitor to be approved for

use in advanced, squamous NSCLC following prior

chemotherapy. Specifically, nivolumab is approved in the

USA for the treatment of patients with metastatic squa-

mous NSCLC with progression on or after platinum-based

chemotherapy [8] and in the EU for the treatment of

adults with locally advanced or metastatic squamous

NSCLC after prior chemotherapy [9]. This narrative

review discusses the clinical efficacy and tolerability of

nivolumab in advanced, squamous NSCLC, as well as

discussing its pharmacology. Nivolumab is also approved

in the USA [8] and the EU [10] for the treatment of

advanced melanoma and in the USA for use in previ-

ously-treated patients with advanced, nonsquamous

NSCLC [11]; however, discussion of these indications is

beyond the scope of this review.

2 Pharmacodynamic Properties of Nivolumab

Nivolumab is a fully human, IgG4 monoclonal antibody [4,

7, 12]. It binds to the PD-1 receptor and blocks the inter-

action of the receptor with PD-L1 and PD-L2, thereby

preventing T-cell inhibition and restoring antitumour

immune responses [4, 7, 12].

Nivolumab has high affinity and specificity for the PD-1

receptor [4, 13]. The binding affinity of nivolumab for the

human PD-1 receptor was 2.6 nmol/L [7], with a nivolu-

mab concentration of 0.04 lg/mL being sufficient to

occupy[70 % of PD-1 molecules on T cells in vitro [13].

Thus, even if serum concentrations of nivolumab are

undetectable (\1.2 lg/mL), sufficient nivolumab should be

present to maintain plateau PD-1 receptor occupancy [13].

PD-1 receptor occupancy was independent of dose in

patients with solid tumours receiving a single dose of

intravenous nivolumab 0.3–10 mg/kg; mean peak PD-1

receptor occupancy was 85 % and mean plateau PD-1

receptor occupancy was 72 % at 4–24 h and C57 days

post-infusion [13]. In patients with advanced melanoma

receiving intravenous nivolumab 0.1–10.0 mg/kg every

2 weeks for 8 weeks, median PD-1 receptor occupancy

was 64–70 % [14]. Nivolumab may continue to occupy

PD-1 receptors for up to 3 months after treatment [13, 15].

In vitro, nivolumab enhanced T-cell responses and

cytokine production in the mixed lymphocyte reaction and

superantigen or cytomegalovirus stimulation assays [4].

Nivolumab did not induce antibody-dependent cell-

mediated cytotoxicity or complement-dependent cytotoxi-

city in activated T cells in vitro [4]. Nivolumab did not

have a significant effect on memory T-cell immune

responses to Candida albicans, tetanus toxoid or viral

antigens [13].

Negligible changes in serum levels of the cytokines

interleukin (IL)-6, IL-10 and IL-2 soluble receptor-a
occurred in patients with metastatic clear-cell renal cell

carcinoma who received intravenous nivolumab 0.3, 2 or

10 mg/kg every 3 weeks [16].

Nivolumab 0.3, 2 or 10 mg/kg administered every

3 weeks did not have a clinically significant effect on the

corrected QT interval in patients with advanced metastatic

clear-cell renal cell carcinoma [17].

3 Pharmacokinetic Properties of Nivolumab

Intravenous nivolumab had linear pharmacokinetics [13,

14, 18, 19]. Nivolumab exposure increased dose-propor-

tionally with administration of nivolumab 0.1–10 mg/kg

every 2 weeks [14]. Steady state was reached by 12 weeks

with administration of nivolumab 3 mg/kg every 2 weeks,

with approximately threefold systemic accumulation [8].

Analysis of data from patients with advanced squamous

NSCLC who received nivolumab 3 mg/kg every 2 weeks

indicated that the trough serum nivolumab concentration

after the first dose did not significantly predict the proba-

bility of achieving an objective response [20]. In addition,

in patients with advanced solid tumours receiving nivolu-

mab 0.1–10 mg/kg every 2 weeks, time-averaged steady-

state nivolumab concentrations did not significantly predict

the probability of experiencing treatment-related grade C3

adverse events or adverse events leading to treatment dis-

continuation [20].

The geometric mean steady-state volume of distribution

for nivolumab was 8.04 L, according to population phar-

macokinetic analysis [18].

Similar to other therapeutic proteins, it is expected that

nivolumab would be eliminated by nonspecific catabolism

via enzymes in the reticuloendothelial system [16]. Popu-

lation pharmacokinetic analysis revealed a geometric mean

nivolumab clearance of 9.5 mL/h [18]. Nivolumab had a

serum half-life of &12 days at doses of 0.3–3 mg/kg and

&20 days at a dose of 10 mg/kg [13].

Based on results of population pharmacokinetic analy-

sis, the nivolumab dosage does not need to be adjusted in

patients with mild hepatic impairment, although data are

limited in patients with moderate to severe hepatic

impairment [8, 9] and the EU summary of product char-

acteristics (SmPC) recommends caution in this population

[9]. The US prescribing information states that no nivolu-

mab dosage adjustment is needed in patients with renal
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impairment [8], and the EU SmPC states that no dosage

adjustment is needed in patients with mild or moderate

renal impairment, although data in patients with severe

renal impairment are limited [9]. Age, gender and race did

not affect the clearance of nivolumab to a clinically rele-

vant extent [18]. Use of a weight-based dosage regimen is

supported by the finding that nivolumab clearance

increased with increasing bodyweight [8, 18]. Anti-drug

antibodies did not appear to affect the clearance of nivo-

lumab to a clinically significant extent [21].

Given that enzymes in the reticuloendothelial system are

not thought to be inhibited or induced by drugs, it is con-

sidered unlikely that the pharmacokinetics of nivolumab

would be affected to a clinically significant extent by other

drugs [9, 16].

Cytokines may affect the activity of some cytochrome

P450 (CYP) enzymes, meaning that the pharmacokinetics

of CYP substrates may be affected by therapeutic proteins

with the potential to modulate cytokines [16]. However,

given that no meaningful changes in serum levels of IL-6,

IL-10 or IL-2 soluble receptor-a (which are known to

affect CYP enzymes) were seen in patients with metastatic

clear-cell renal cell carcinoma who received intravenous

nivolumab 0.3–10 mg/kg every 3 weeks (Sect. 2), there is

considered to be a low risk of drug interactions between

nivolumab and CYP substrates [16].

4 Therapeutic Efficacy of Nivolumab

In phase I trials, single doses of intravenous nivolumab

0.3–10 mg/kg [13] and multiple doses of intravenous

nivolumab 0.1–10 mg/kg every 2 weeks [14] demonstrated

antitumour activity in patients with advanced solid tumours

(advanced melanoma, NSCLC, castrate-resistant prostate

cancer, renal cell carcinoma or colorectal cancer) (n = 39

[13] and n = 296 [14]); the maximum tolerated nivolumab

dose was not reached in either trial. An objective response

rate (ORR) of 17 % was seen in patients with heavily-

treated, advanced NSCLC who received nivolumab

1–10 mg/kg every 2 weeks (n = 129), according to a

subgroup analysis [22] of the multiple-dose trial [14].

Objective responses were seen in 1 of 33 (3 %), 9 of 37

(24 %) and 12 of 59 (20 %) patients receiving nivolumab

dosages of 1, 3 and 10 mg/kg, respectively, and in 9 of 54

patients (17 %) with squamous NSCLC and 13 of 74

patients (18 %) with nonsquamous NSCLC. Overall, the

median duration of response was 17.0 months, the median

overall survival (OS) was 9.9 months and the OS rate at 1,

2 and 3 years was 42, 24 and 18 %, respectively [22].

Taking into account pharmacodynamic, pharmacokinetic,

efficacy and tolerability data from these earlier analyses

[14, 22], a nivolumab dosage of 3 mg/kg every 2 weeks

was selected for further study. This section discusses the

results of phase II [23, 24] and III [25] trials in previously-

treated patients with advanced, squamous NSCLC who

received nivolumab 3 mg/kg every 2 weeks.

4.1 Phase II Trials

The efficacy of nivolumab in previously-treated patients

with advanced, squamous NSCLC was examined in two

noncomparative phase II trials [23, 24]. CheckMate 063

was a multinational trial that enrolled patients aged

C18 years with measurable, histologically or cytologically

documented stage IIIB or IV squamous NSCLC, disease

recurrence or progression after platinum-based

chemotherapy and at least one additional systemic treat-

ment, and an Eastern Co-operative Oncology Group

(ECOG) performance status of 0 or 1 [23]. Patients with

treated, stable brain metastases were eligible for enrolment

[23]. The second trial (study ONO-4538-05; available as an

abstract and poster) was conducted in Japan and enrolled

patients aged C20 years with stage IIIB or IV or recurrent

squamous NSCLC who had received at least one prior

platinum-based chemotherapy regimen and had an ECOG

performance status of 0 or 1 [24].

At baseline in CheckMate 063, median patient age was

65 years, 73 % of patients were male, 92 % of patients had

a history of smoking, 17 and 83 % of patients had stage

IIIB and IV disease, 22 and 78 % of patients had an ECOG

performance status of 0 or 1, and 2 % of patients had brain

metastases [23]. Two, three or at least four previous sys-

temic treatments had been administered to 35, 44 and 21 %

of patients, respectively [23]. At baseline in study ONO-

4538-05, median patient age was 65 years, 91 % of

patients were male, 17 and 69 % of patients had stage IIIB

and IV disease and 14 % had recurrent disease, and 51 and

49 % of patients had an ECOG performance status of 0 or 1

[24].

Patients in both trials received intravenous nivolumab

3 mg/kg every 2 weeks until disease progression or unac-

ceptable toxicity [23, 24]. The primary endpoint was the

ORR, as assessed by an independent radiology review

committee (IRC) [23, 24]. In CheckMate 063, the median

duration of nivolumab therapy was 2.3 months and the

minimum duration of follow-up for IRC-assessed response

was 11.0 months [23]. The median duration of follow-up in

study ONO-4538-05 was 10.4 months [24].

In CheckMate 063, the IRC-assessed ORR was 14.5 %

(Table 1); all of the responses were partial responses [23].

The median duration of response had not been reached at

the time of analysis. Stable disease was seen in 25.6 % of

patients, with a median duration of stable disease of

6.0 months. The median progression-free survival (PFS)

and OS was 1.9 and 8.2 months (Table 1). PFS rates at
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6 months and 1 year and OS rates at 1 year and 18 months

are shown in Table 1 [23, 26].

In study ONO-4538-05, the IRC-assessed ORR was

25.7 % and median duration of response had not been

reached (Table 1) [24]. All of the responses were partial

responses. Stable disease was seen in 28.6 % of patients.

The median PFS was 4.2 months and median OS had not

been reached (Table 1). PFS and OS rates at 6 months are

shown in Table 1 [24].

4.2 Phase III Trial: CheckMate 017

CheckMate 017 was a randomized, open-label, multina-

tional, phase III trial comparing the efficacy and safety of

nivolumab with that of docetaxel in patients with

advanced, squamous NSCLC who had disease recurrence

after one prior platinum-based chemotherapy regimen [25].

Patients were aged C18 years, had stage IIIB or IV squa-

mous NSCLC and an ECOG performance status of 0 or 1;

patients with treated, stable brain metastases were eligible

for enrolment. In addition, pretreatment specimens of

tumour tissue had to be available for biomarker analysis.

At baseline, median patient age was 63 years, 76 % of

patients were male, 92 % of patients were current or former

smokers, 19 and 80 % of patients had stage IIIB and IV

disease, 24 and 76 % of patients had an ECOG perfor-

mance status of 0 or 1, and 6 % of patients had brain

metastases [25].

Patients were randomized to receive intravenous nivo-

lumab 3 mg/kg every 2 weeks or intravenous docetaxel

75 mg/m2 every 3 weeks [25]. Treatment continued until

disease progression or discontinuation because of toxicity

or other reasons. The primary endpoint was OS; the trial

was terminated early on the recommendation of an inde-

pendent data and safety monitoring committee as the pre-

specified interim analysis showed that OS significantly

favoured nivolumab versus docetaxel. The minimum

duration of follow-up was &11 months.

Nivolumab was more effective than docetaxel in the

second-line treatment of advanced, squamous NSCLC [25].

At the time of the interim analysis, the risk of death was

significantly reduced by 41 % with nivolumab versus

docetaxel (Table 2) [25]. The median OS was 9.2 months

with nivolumab and 6.0 months with docetaxel, with

1-year OS rates of 42 and 24 %, respectively, and

18-month OS rates of 28 and 13 % respectively (Table 2)

[25, 27]. Hazard ratios for OS favoured nivolumab versus

docetaxel across various prespecified subgroups, apart

from the ‘rest-of-world’ geographic region (i.e. Argentina,

Australia, Chile, Mexico and Peru) and patients aged

C75 years.

The confirmed ORR was significantly higher in nivo-

lumab than in docetaxel recipients (Table 2) [25]. A

complete response was seen in 1 % of nivolumab recipi-

ents and 0 % of docetaxel recipients, and a partial response

occurred in 19 and 9 % of patients in the corresponding

treatment groups. At the time of analysis, the median

duration of response had not yet been reached in nivolumab

recipients and was 8.4 months in docetaxel recipients.

The risk of death or disease progression was signifi-

cantly reduced by 38 % with nivolumab versus docetaxel

(Table 2) [25]. The median PFS was 3.5 months with

nivolumab and 2.8 months with docetaxel. One-year [25]

and 18-month [27] PFS rates are shown in Table 2.

Table 1 Efficacy of intravenous nivolumab 3 mg/kg every 2 weeks in patients with previously-treated, advanced, squamous non-small cell lung

cancer: results of phase II trials

Endpoint CheckMate 063 [23] (n = 117a) Study ONO-4538-05b [24] (n = 35a)

ORRc (% of pts) 14.5 25.7

Median time to response (months) 3.3 2.7

Median duration of response (months) NR NR

Median PFS (months) 1.9 4.2

6-month PFS rate (% of pts) 25.9 36.4

1-year PFS rate (% of pts) 20.0

Median OS (months) 8.2 NR

6-month OS rate (% of pts) 88.6

1-year OS rate (% of pts) 40.8

18-month OS rated (% of pts) 27

NR not yet reached, ORR objective response rate, OS overall survival, PFS progression-free survival, pts patients
a No. of treated [23] or eligible [24] pts
b Study conducted in Japanese pts with squamous non-small cell lung cancer (available as an abstract and poster)
c Primary endpoint; assessed by an independent radiology review committee
d Available as an abstract and slide presentation [26]
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PD-L1 expression was neither prognostic nor predictive

of OS, PFS or ORR [25, 27].

During treatment, health status and lung cancer symp-

toms tended to improve with nivolumab and remain

stable with docetaxel (analyses available as abstracts [28,

29] and a slide presentation [29]). Health status [28] and

lung cancer symptoms [29] were assessed for up to

54 weeks with nivolumab and 18 weeks with docetaxel, as

there were fewer than ten on-treatment patients in each

group after these time points.

In terms of health status, nivolumab recipients had sig-

nificant (p B 0.05) improvements from baseline in the

EuroQOL EQ-5D index score at weeks 16–30 and 42–54

(with changes at weeks 42–54 exceeding the minimally

important difference) and in the EQ visual analogue scale

(EQ-VAS) score at weeks 12, 20–36 and 48 (with changes

at weeks 24–36 and 48 exceeding the minimally important

difference). With docetaxel, there were no significant

changes from baseline to week 18 in the EQ-5D index or

EQ-VAS scores [28].

When assessed using the Lung Cancer Symptom Scale

(LCSS), 20.0 % of nivolumab recipients and 21.9 % of

docetaxel recipients had clinically meaningful symptom

improvements by week 12 of treatment [29]. In terms of

the LCSS average symptom burden index (assessing

anorexia, fatigue, dyspnoea, pain, haemoptysis and cough),

nivolumab recipients had significant (p\ 0.05) improve-

ments from baseline at weeks 24–54, whereas no signifi-

cant change from baseline was seen in docetaxel recipients

through week 18. A significant (p\ 0.05) difference

favouring nivolumab versus docetaxel was seen for the

change in the LCSS average symptom burden index at

weeks 30, 36 and 42. In addition, the time to deterioration

in anorexia significantly (p = 0.009) favoured nivolumab

versus docetaxel recipients. Based on the LCSS 3-item

index (assessing symptom distress, interference with

activity level and health-related quality of life), symptom

burden significantly (p\ 0.05) improved from baseline in

nivolumab recipients at weeks 24, 42, 48 and 54, whereas

no significant change from baseline was seen in docetaxel

recipients through week 18. The time to deterioration in the

LCSS 3-item index and in each of the three items signifi-

cantly (p\ 0.05) favoured nivolumab versus docetaxel

recipients [29].

5 Tolerability of Nivolumab

Intravenous nivolumab had a manageable adverse event

profile in patients with advanced, squamous NSCLC [23–

25], and was better tolerated than intravenous docetaxel in

the CheckMate 017 trial [25]. In CheckMate 017, treat-

ment-related adverse events (any grade) were reported in

58 % of nivolumab recipients and 86 % of docetaxel

recipients and treatment-related grade 3 or 4 adverse events

were reported in 7 and 55 % of patients in the corre-

sponding treatment groups [25].

The treatment-related adverse events (any grade)

reported most frequently in nivolumab recipients (e.g.

fatigue, decreased appetite, asthenia, nausea and diarrhoea)

Table 2 Efficacy of nivolumab versus docetaxel in the second-line treatment of advanced, squamous non-small cell lung cancer: results of the

CheckMate 017 trial [25]

Endpoint Nivolumaba (n = 135b) Docetaxelc (n = 137b) HR (95 % CI)

Median OS (months) 9.2 6.0 0.59 (0.44–0.79)**d

1-year OS rate (% of pts) 42 24

18-month OS ratee (% of pts) 28 13

Confirmed ORRf (% of pts) 20* 9

Median time to response (months) 2.2 2.1

Median duration of response (months) NR 8.4

Median PFS (months) 3.5 2.8 0.62 (0.47–0.81)**

1-year PFS rate (% of pts) 21 6

18-month PFS ratee (% of pts) 17 3

HR hazard ratio, NR not yet reached, ORR objective response rate, OS overall survival, PFS progression-free survival, pts patients

* p = 0.008, ** p\ 0.001 versus docetaxel
a Intravenous nivolumab 3 mg/kg every 2 weeks until disease progression or discontinuation because of toxic effects or other reasons
b No. of intent-to-treat pts
c Intravenous docetaxel 75 mg/m2 every 3 weeks until disease progression or discontinuation because of toxic effects or other reasons
d Primary endpoint
e Available as an abstract and slide presentation [27]
f Assessed by the investigator
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all occurred with a numerically lower incidence than in

docetaxel recipients (Fig. 1) [25]. The most commonly

reported adverse events (any grade) in patients receiving

docetaxel included fatigue, neutropenia, nausea, anaemia

and alopecia (Fig. 1). With nivolumab, treatment-related

grade 3 or 4 fatigue, decreased appetite and leukopenia

each occurred in 1 % of patients. The most commonly

reported treatment-related grade 3 or 4 adverse events with

docetaxel were neutropenia (30 % of patients), febrile

neutropenia (10 %), fatigue (8 %), asthenia (4 %) and

leukopenia (4 %).

Treatment-related serious adverse events of any grade

were reported in 7 % of nivolumab recipients and 24 % of

docetaxel recipients, with treatment-related serious grade 3

or 4 adverse events reported in 2 and 19 % of patients in

the corresponding treatment groups [25]. No treatment-

related deaths occurred in patients receiving nivolumab,

whereas three deaths (2 % of patients) were attributed to

docetaxel.

Discontinuation because of treatment-related adverse

events occurred in 3 % of nivolumab recipients (most

commonly because of pneumonitis) and in 10 % of doc-

etaxel recipients (most commonly because of peripheral

neuropathy and fatigue) [25].

Nivolumab has been associated with immune-mediated

adverse reactions, including immune-mediated pneumoni-

tis, colitis, hepatitis, nephritis and renal dysfunction, and

hypothyroidism and hyperthyroidism [9]. It should be

noted that patients with autoimmune disease were excluded

from CheckMate 063 [23] and 017 [25]. Patients were

monitored for immune-mediated adverse reactions during

the trials, and protocols were in place to manage any

immune-mediated adverse reactions that occurred [25] (see

also Sect. 7).

In CheckMate 017, treatment-related select adverse

events (any grade) included pneumonitis (5 % of nivolu-

mab recipients vs. 0 % of docetaxel recipients), hypothy-

roidism (4 vs. 0 %), diarrhoea (8 vs. 20 %), colitis (1 vs.

0 %), increased alanine aminotransferase (ALT) levels (2

vs. 1 %), increased aspartate aminotransferase (AST)

levels (2 vs. 1 %), tubulointerstitial nephritis (1 vs. 0 %),

increased blood creatinine levels (3 vs. 2 %), acute renal

failure (0 vs. 1 %), rash (4 vs. 6 %), pruritus (2 vs. 0 %),

infusion-related reactions (1 vs. 1 %) and hypersensitivity

(0 vs. 2 %) [25]. Treatment-related pneumonitis, colitis and

tubulointerstitial nephritis of grade 3 severity each

occurred in 1 % of nivolumab recipients, whereas skin-

related adverse events and infusion-related reactions were

all of grade 1 or 2 severity. Immune-modulating medica-

tion was administered to 18–83 % of patients experiencing

treatment-related select endocrine, gastrointestinal, pul-

monary, renal or skin adverse events [25].

Longer-term (18 months) follow-up in CheckMate 063

[26] and 017 [27] did not reveal any unexpected safety

signals in nivolumab recipients, with nivolumab main-

taining a favourable adverse event profile versus docetaxel

in CheckMate 017 [27]. The majority of nivolumab

recipients who developed treatment-related select adverse

events experienced them within the first 3–6 months of

treatment [26, 27].

Nivolumab has low immunogenic potential. In Check-

Mate 063, 11 of 101 (10.9 %) evaluable patients were

positive for anti-drug antibodies at baseline (analysis

available as a poster) [21]. Post-baseline, 12 (11.9 %)

patients were anti-drug antibody positive, although none of

the patients were persistent positive. None of the patients

were positive for neutralizing antibodies. Of the four

evaluable patients in this trial who experienced hypersen-

sitivity or infusion reactions, one was positive for anti-drug

antibodies at baseline [21].

6 Dosage and Administration of Nivolumab

Nivolumab is approved in the USA for the treatment of

patients with metastatic squamous NSCLC with progres-

sion on or after platinum-based chemotherapy [8] and in

the EU for the treatment of adults with locally advanced or

metastatic squamous NSCLC after prior chemotherapy [9].

The recommended dosage of nivolumab is 3 mg/kg

administered by intravenous infusion over 60 min every

2 weeks [8, 9]. Treatment should continue until disease
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Fig. 1 Tolerability of intravenous nivolumab versus intravenous

docetaxel in the second-line treatment of advanced, squamous non-

small cell lung cancer. Incidence of treatment-related adverse events

(any grade) occurring inC10 %of patients in either treatment arm in the

CheckMate 017 trial [25]. The safety analysis included patientswho had

received at least one dose of study drug. d = an incidence of 0 %
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progression or unacceptable toxicity [8, 9]. Local pre-

scribing information should be consulted for more infor-

mation concerning warnings, precautions and management

of adverse reactions related to nivolumab.

7 Place of Nivolumab in the Management
of Advanced Squamous NSCLC

Second-line treatment remains substantially underutilized

in patients with metastatic, squamous NSCLC [30]. Indeed,

until recently, little progress had been made in the man-

agement of previously-treated, advanced, squamous

NSCLC, with docetaxel remaining the standard second-line

treatment option for over a decade, despite being generally

associated with only modest improvements in OS [25, 31].

Historically, NSCLC had not been considered an immune

responsive condition [6, 32]. However, improved under-

standing of the interaction between the immune system and

tumours led to the development of immune checkpoint

inhibitors such as nivolumab and pembrolizumab [32].

Nivolumab was the first PD-1 immune checkpoint inhibitor

approved for use in NSCLC. Pembrolizumab is a human-

ized IgG4 monoclonal antibody that also targets the PD-1

receptor [33], and was recently approved in the USA for

use in previously-treated patients with metastatic squamous

or nonsquamous NSCLC whose tumours express PD-L1

[34] (PD-L1 positivity is defined as a tumour proportion

score of C50 % using the FDA-approved companion

diagnostic test [35]).

Intravenous nivolumab was more effective than intra-

venous docetaxel in the second-line treatment of advanced,

squamous NSCLC, according to the results of the Check-

Mate 017 trial (Sect. 4.2). The risk of death was signifi-

cantly lower with nivolumab than with docetaxel and the

ORR was significantly higher. Moreover, the responses

seen with nivolumab were durable, which translated to a

significant PFS benefit [25]. Although comparisons across

trials should be made with caution, the 1-year OS rate of

42 % achieved with nivolumab in CheckMate 017 is higher

than would historically be expected in patients with

advanced NSCLC receiving subsequent therapy [36–38]. A

limitation of CheckMate 017 is that it only enrolled

patients with an ECOG performance status of 0 or 1 [39].

Data on the use of nivolumab in patients with an ECOG

performance status of 2 or 3 would be of interest. Eight

percent of patients with previously-treated advanced

squamous or nonsqumaous NSCLC in the ongoing

CheckMate 153 trial had an ECOG performance status of 2

[40]. Early results indicate that nivolumab recipients with

an ECOG performance status of 2 had a similar treatment

response and adverse event profile to nivolumab recipients

with an ECOG performance status of 0–1 [40].

The OS benefit seen with nivolumab versus docetaxel

was maintained across various prespecified subgroups in

CheckMate 017 (Sect. 4.2). Interestingly, a retrospective

exploratory analysis of a phase I study in patients with

advanced NSCLC found an ORR of 30 % in nivolumab

recipients with a smoking history of[5 pack-years versus

0 % in those with a smoking history of B5 pack-years [22].

More information is needed to explain this finding,

although a possible reason is that smoking-associated lung

cancer has a higher mutational load, resulting in increased

immunogenicity [22].

Based on the results of CheckMate 017, US National

Comprehensive Cancer Network (NCCN) guidelines

include nivolumab as a category 1 option for the treatment

of patients with advanced, squamous NSCLC and an

ECOG performance status of 0–1 who have progressed

following platinum-based chemotherapy [2]. Guidelines

from the European Society of Medical Oncology predate

the approval of nivolumab [1]. Erlotinib is also included in

NCCN guidelines as an option in this treatment setting,

with category 2b options including docetaxel, gemcitabine,

and ramucirumab plus docetaxel [2].

Intravenous nivolumab was better tolerated than

intravenous docetaxel in the CheckMate 017 trial (Sect.

5). In terms of treatment-related select adverse events,

immune-mediated pneumonitis is of particular concern in

patients with lung cancer, given that they may already

have poor lung reserve because of smoking or metastatic

disease [32]. Across clinical trials, fatal pneumonitis was

reported in 5 of 691 (0.7 %) patients with solid tumours

who received nivolumab [22]. Fatal pneumonitis was

reported early in the nivolumab programme before man-

agement guidelines were implemented (e.g. two cases of

fatal pneumonitis occurred in patients with NSCLC before

pneumonitis was recognized as a nivolumab-associated

toxicity [22]). No cases of fatal pneumonitis were repor-

ted among nivolumab recipients in phase III trials in

patients with previously-treated, advanced NSCLC [25,

41]. Early recognition and treatment of pneumonitis is

critical, given that early-grade pneumonitis is typically

reversible with dose delay or treatment discontinuation

and/or administration of corticosteroids [7]. The US pre-

scribing information [8] and the EU SmPC [9] recom-

mend that nivolumab be withheld in patients with grade 2

pneumonitis; it can be resumed when pneumonitis

recovers to grade 0 or 1 [8] or when symptoms resolve,

radiographic abnormalities improve and management

with corticosteroids is complete [9]. Nivolumab should be

permanently discontinued in patients with grade 3 or 4

pneumonitis [8, 9].

Immune-mediated colitis, hepatitis, nephritis and renal

dysfunction, and hypothyroidism and hyperthyroidism have

also been reported in nivolumab recipients (Sect. 5).
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Management guidelines for immune-mediated adverse

events, including recommendations for the use of cortico-

steroids, were reported in association with a phase III trial

comparing the efficacy of nivolumabwith that of dacarbazine

in patients with metastatic melanoma (CheckMate 066) [42].

US prescribing information [8] and the EU SmPC [9] rec-

ommend that nivolumab be withheld in patients with grade 2

or 3 colitis and permanently discontinued in patients with

grade 4 colitis. Nivolumab may also need to be withheld or

discontinued in patients with immune-related hepatitis (de-

pending on the degree of elevation inALT,AST and bilirubin

levels) or with immune-mediated nephritis and renal dys-

function (depending on the degree of elevation in creatinine

levels) [8, 9].

Longer-term tolerability data from CheckMate 063 [26]

and 017 [27] did not reveal any unexpected safety signals

in nivolumab recipients, with most treatment-related select

adverse events occurring within the first 3–6 months of

treatment.

None of the nivolumab recipients in CheckMate 063

developed neutralizing antibodies (Sect. 5), although neu-

tralizing antibodies have been reported infrequently in

other studies [21]. The development of neutralizing anti-

bodies did not appear to be associated with a loss of effi-

cacy or an increased risk of acute infusion reactions or

hypersensitivity events [21]. In addition, the development

of anti-drug antibodies did not appear to alter the safety

profile or clearance of nivolumab [9].

In terms of ongoing trials, early results from CheckMate

153 (which is primarily examining the safety of nivolumab

in patients with previously-treated, advanced squamous or

nonsquamous NSCLC) are consistent with the findings of

other trials, with no new safety signals detected [40].

Another trial, CheckMate 171, is examining the incidence

of high-grade treatment-related select adverse events in

patients with previously-treated, advanced squamous

NSCLC who are receiving nivolumab (NCT02409368).

There is a need to establish predictive biomarkers in

order to identify which patients are most likely to respond

to nivolumab [43]. Results have been mixed regarding the

potential of PD-L1 as a predictive biomarker. Some studies

indicated that PD-L1 expression may be predictive of

response to nivolumab [5, 13, 14]. For example, in patients

with advanced solid tumours, an objective response was

seen in 9 of 25 (36 %) nivolumab recipients whose tumours

expressed PD-L1 and in none of the 17 nivolumab recipi-

ents whose tumours did not express PD-L1 [14]. However,

subgroup analysis in nivolumab recipients with heavily-

treated, advanced NSCLC revealed no clear association

between PD-L1 expression and response or survival [22].

Moreover, PD-L1 expression was neither prognostic nor

predictive of efficacy in the CheckMate 017 trial (Sect.

4.2). Factors that may affect the sensitivity and specificity

of PD-L1 detection include the type of assay used and the

quality of the tissue sample [7, 44]. For example, archival

or recent biopsy samples could be submitted for PD-L1

biomarker analysis in CheckMate 017 [25]. Given that a

proportion of patients with PD-L1-negative tumours also

derive benefit from nivolumab [43], NCCN guidelines do

not currently recommend PD-L1 testing in patients with

metastatic NSCLC prior to starting nivolumab therapy [2].

First-line monotherapy with nivolumab also showed

therapeutic potential in advanced NSCLC in a phase I trial

[45]. CheckMate 026 is a phase III trial examining the

efficacy of first-line therapy with nivolumab versus plat-

inum-based doublet chemotherapy in patients with stage IV

or recurrent PD-L1-positive NSCLC (NCT02041533).

In terms of other trials, the phase I CheckMate 012 trial

is examining nivolumab administered alone or in combi-

nation with various other agents in patients with advanced

NSCLC (NCT01454102) [46–49]. Combination therapy

regimens showing therapeutic potential in patients with

chemotherapy-naı̈ve, advanced NSCLC include nivolumab

plus platinum-based doublet chemotherapy [47], nivolu-

mab plus ipilimumab [48], and nivolumab plus erlotinib in

epidermal growth factor receptor mutation-positive non-

squamous NSCLC [46, 47]. CheckMate 012 also indicates

that maintenance therapy with nivolumab with or without

bevacizumab may be beneficial in patients who did not

progress following first-line platinum-based chemotherapy

[49]. Whilst combining nivolumab with other agents has

the potential to improve antitumour activity, the incidence

of adverse events (including pneumonitis) may also be

increased [7].

CheckMate 227 is an ongoing phase III trial comparing

the efficacy and safety of nivolumab alone, nivolumab plus

ipilimumab, and platinum-based doublet chemotherapy in

patients with stage IV or recurrent NSCLC who have not

received prior systemic antineoplastic therapy

(NCT02477826).

The phase III CheckMate 057 trial compared the effi-

cacy and safety of nivolumab (n = 292) with that of doc-

etaxel (n = 290) in previously-treated patients with

advanced, nonsquamous NSCLC [41]. At the interim

analysis, median OS (primary endpoint) was significantly

longer with nivolumab than with docetaxel (12.2 vs.

9.4 months) (HR 0.73; 96 % CI 0.59–0.89; p = 0.002),

with a 1-year OS rate of 51 and 39 %, respectively, and an

18-month OS rate of 39 and 23 %, respectively. ORR was

significantly higher with nivolumab than with docetaxel

(19 vs. 12 %; p = 0.02), with no significant between-group

difference in PFS [41]. NCCN guidelines include nivolu-

mab as an option for subsequent therapy in patients with

metastatic nonsquamous NSCLC who have progressed

following platinum-based therapy [2]. Nivolumab was

recently approved in the USA for use in previously-treated
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patients with advanced, nonsquamous NSCLC [11], and

has been submitted for approval in this indication in the

EU.

In conclusion, nivolumab represents an important

advance in previously-treated, advanced, squamous

NSCLC. It is more effective and better tolerated than

docetaxel, and has a manageable adverse event profile.

Thus, nivolumab will most likely become the new standard

of care for the second-line treatment of advanced, squa-

mous NSCLC.

Data selection sources: Relevant medical literature (including

published and unpublished data) on nivolumab was identified by

searching databases including MEDLINE (from 1946), PubMed

(from 1946) and EMBASE (from 1996) [searches last updated 5

October 2015], bibliographies from published literature, clinical

trial registries/databases and websites. Additional information

was also requested from the company developing the drug.

Search terms: Nivolumab, Opdivo, BMS-936558, ONO-4538,

non-small cell, lung, cancer, carcinoma.

Study selection: Studies in patients with non-small cell lung

cancer who received nivolumab. When available, large, well

designed, comparative trials with appropriate statistical method-

ology were preferred. Relevant pharmacodynamic and pharma-

cokinetic data are also included.
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