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Abstract: Immune-checkpoint inhibitors have become valuable therapies in the treatment of 

patients with non-small-cell lung cancer (NSCLC). Recent clinical trials have shown promis-

ing results with regard to efficacy and toxicity profiles of these agents compared to cytotoxic 

chemotherapy. Nivolumab was one of the first immune-checkpoint inhibitors to demonstrate 

clinical activity in patients with NSCLC, and is currently approved in the US for treatment of 

patients with advanced squamous and nonsquamous NSCLC who have progressed on or after 

platinum-based chemotherapy. This review provides an update on nivolumab’s pharmacology, 

safety, and efficacy, as established by the CheckMate trials. We also discuss specific applications 

and strategies for the use of nivolumab in NSCLC patients, as well as predictive biomarkers 

and their role in treatment selection.
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Introduction
For the majority of patients with advanced non-small cell lung cancer (NSCLC), cyto-

toxic chemotherapy has been the mainstay of treatment for decades. First-line standard 

therapy for patients without an activating mutation is platinum-based chemotherapy, 

with or without a maintenance regimen.1 Despite initial responses to chemotherapy, 

the majority of patients will progress and ultimately require second-line therapy, which 

until recently has only included three approved agents in the US.2,3 While cytotoxic 

chemotherapy provides palliation and can prolong life compared to supportive care, 

the median overall survival (OS) for patients with metastatic disease and no actionable 

mutation is less than 1 year.4–6 Moreover, treatment has significant and sometimes 

debilitating side effects, including nausea, fatigue, and myelosuppression, often limiting 

use in patients with medical comorbidities.

Immune-checkpoint inhibitors are changing the landscape of treatment options for 

patients with NSCLC. These agents work by blocking inhibitory interactions between 

T cells and antigen-presenting cells or tumor cells, which normally allow malignant 

cells to proliferate undetected by immunosurveillance. By preventing this interaction, 

checkpoint inhibitors allow T cells to become activated against cancer cells.

In a subset of patients with NSCLC, checkpoint inhibitors have demonstrated more 

durable responses than conventional chemotherapy or targeted therapy, without the chal-

lenging side effects. Checkpoint inhibitors include agents targeting cytotoxic CTLA4, 

PD1, and PDL1. The PD1 inhibitor nivolumab (Opdivo, Bristol-Myers Squibb, NY, 

USA) is one of the most widely studied checkpoint inhibitors to date. It was the first 
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PD1 inhibitor to demonstrate activity in NSCLC patients. 

As of October 2015, it was approved by the US Food and 

Drug Administration (FDA) for advanced squamous and non-

squamous NSCLC on or after platinum-based chemotherapy7 

and approved in Europe for locally advanced or metastatic 

squamous or nonsquamous NSCLC after prior chemotherapy.8 

This review focuses on nivolumab’s pharmacology, efficacy, 

safety, and application in the treatment of NSCLC patients.

Pharmacology
Mechanism of action
Within the tumor microenvironment, the inhibitory T-cell 

receptor PD1 engages its ligands PDL1 (or B7H1) and PDL2 

(or B7DC) on tumor cells and antigen-presenting cells.9,10 

PDL1 is expressed in both adenocarcinoma and squamous-

cell histologies of NSCLC (50% in each subtype). Overall, 

studies have shown that approximately 25%–65% of patients 

with NSCLC harbor PDL1.11–14 The wide range of variability 

stems from heterogeneity within the tumor microenviron-

ment, differing levels of expression over multiple time 

points, multiple immunohistochemistry (IHC)-detection 

assays currently in use, and the varying definitions of what 

constitutes PDL1 positivity. It is unclear whether PDL1 

expression in NSCLC confers a survival benefit or a poor 

prognosis, as studies to date have demonstrated conflicting 

results.12–17 PDL2 expression is more limited than PDL1, 

and it is primarily found in macrophages and dendritic cells, 

suggesting that PDL2 plays a more minor role in regulating 

T-cell response.12,18 Expression of PDL2 in NSCLC may be 

associated with a poor prognosis.15

In the normal physiologic state, cytokines, including IL4, 

IL10, and IFN, promote interaction between PD1 and PDL1/

PDL2. This interaction downregulates the body’s immune 

system, which is a beneficial effect to avoid unwanted 

inflammation or autoimmunity.19 When malignant cells 

harbor PDL1 and PDL2, they can elude recognition by 

immunosurveillance, as the interaction between PD1 and 

its ligands on tumor cells halts cytotoxic T-lymphocyte 

proliferation, survival, and activity.20,21 Nivolumab binds 

to the PD1 receptor on T cells, disrupting the interaction 

of the receptor with its ligands and promoting a state of 

immunoactivation. This immunoactivation remains fairly 

targeted, as PDL1 expression is relatively confined to the 

tumor microenviroment.22

Pharmacokinetics and pharmacodynamics
Nivolumab is a human IgG

4
 monoclonal antibody. Brahmer 

et al described the pharmacokinetics and pharmacodynamics 

of nivolumab in their Phase I study of 39 patients with 

various advanced malignancies. At a dose of 3 mg/kg every 

2 weeks, nivolumab reached a steady state at 12 weeks and 

had a half-life of 12 days. The pharmacokinetics were linear, 

as the maximal concentration and area under the curve were 

proportional to the dose administered. The pharmacodynam-

ics were evaluated by assessing PD1-receptor occupancy. 

At 4–24 hours, mean peak PD1-receptor occupancy was 

85% and mean plateau occupancy was 72% at 57 days and 

beyond, demonstrating nivolumab’s high affinity for PD1, as 

well as its ability to produce a durable response, even when 

serum levels are low (Table 1).23

In a larger Phase I trial, Topalian et al evaluated 296 patients  

with advanced melanoma, NSCLC, castration-resistant pros-

tate cancer, renal cell carcinoma, or colorectal carcinoma, 

and demonstrated the median time to peak concentration was 

1–4 hours, also with linear pharmacokinetics. Pharmacody-

namics were assessed according to PD1-receptor occupancy 

and after treatment with one cycle of nivolumab; median 

PD1-receptor occupancy was 64%–70%.24 Nivolumab is 

cleared by proteolytic degradation via receptor-mediated 

or nonspecific endocytosis in hepatic or reticuloendothelial 

cells.25 The clearance of nivolumab increases with greater 

body weight, leading initially to treatment based on weight-

based dosing. Its clearance is not affected by age, sex, race, 

PDL1-expression levels, renal impairment, or mild hepatic 

impairment; however, its clearance has not been evaluated 

in moderate or severe hepatic impairment.7,8 Nivolumab has 

a low risk of drug interactions, and is not known to affect 

cytochrome P450 substrates.25

Efficacy
Phase i trials
The first Phase I study of nivolumab enrolled 39 patients with 

metastatic melanoma, colorectal carcinoma, castrate-resistant 

prostate carcinoma, NSCLC, or renal cell carcinoma. 

Six patients had NSCLC. Patients were given a single dose of 

nivolumab at 0.3, 1, 3, or 10 mg/kg, followed by a 15-patient 

expansion cohort receiving 10 mg/kg every 2 weeks. Nivolumab  

Table 1 Pharmacodynamics and pharmacokinetics of nivolumab

Characteristics Values

PDL1-binding affinity88 Kd =2.6 nmol/L
PD1 occupancy23 85% (mean), 72% (plateau)
Half-life23 3 mg/kg dose: 12 days

10 mg/kg dose: 20 days
volume of distribution89,90 8.04 L
Clearance89,90 9.50 mL/h
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was tolerated well. One of the six NSCLC patients had a 

significant response, but not meeting partial response (PR) 

criteria. Overall, 12 of the 39 patients demonstrated stable 

disease (SD) or tumor regression. There was one durable 

complete response in a patient with colorectal cancer.23

Subsequently, a larger Phase I dose-escalation trial of 

nivolumab was conducted of 296 patients with NSCLC, 

melanoma, and renal cell carcinoma.24 Patients with NSCLC 

received nivolumab at 1, 3, or 10 mg/kg every 2 weeks in 

8-week cycles for up to 12 cycles. In this cohort, the objective 

response rate (ORR) across all doses was 18%. Responses 

were durable, with 20 of 31 responses lasting longer than 

1 year. Further study of 129 NSCLC patients (54% of whom 

received three or more prior therapies) demonstrated a dif-

ference in RR between doses: 3% for the 1 mg/kg cohort 

compared to 24.3% and 20.3% for the 3 mg/kg and 10 mg/kg 

cohort, respectively.26 Based on these data, the 3 mg/kg dose 

was chosen for further investigation. At 3 mg/kg (n=37), 

the OS rates were 56%, 42%, and 27% at 1, 2, and 3 years, 

respectively. The median OS was 14.9 (95% confidence 

interval [CI] 7.3–30.3) months. Across all doses, the median 

OS was 9.9 (95% CI 7.8–12.4) months. Squamous and non-

squamous histologies demonstrated similar RRs. Current and 

former smokers had higher RRs compared to never-smokers. 

Response and survival were not influenced by tumor PDL1 

status (positive versus negative), although assessment of this 

was limited as only half the patients in this study had tumor 

samples available for examination, and these were archival 

rather than fresh samples.

Phase ii and iii trials
The CheckMate 063 and 017 trials led to nivolumab’s 

approval as second-line therapy in squamous NSCLC. 

CheckMate 063 was a single-arm, Phase II, open-label trial 

of nivolumab in 117 advanced-stage squamous-cell LC 

patients who had progressed on two or more prior therapies. 

The majority of patients (65%) received three or four prior 

therapies. The primary outcome was ORR, which was 14.5% 

(95% CI 8.7%–22.2%), with a median time to response 

of 3.3 months. The median duration of response was not 

reached. OS at 1 year was 39% (95% CI 30%–48%), a signifi-

cant improvement over historical controls, with an estimated 

1-year survival rate of 6%–18% for patients with advanced 

squamous-cell NSCLC. At 18 months, OS remained high – 

27%.27 Benefit was seen regardless of PDL1 expression.28

Comparison of nivolumab to standard therapy with 

docetaxel was done in CheckMate 017, an open-label ran-

domized Phase III trial of 272 previously treated patients 

with squamous NSCLC after progression on one prior 

platinum regimen. The trial met its primary end point of 

improved median OS of 9.2 (95% CI 7.3–13.3) months 

in the nivolumab arm compared to 6.2 (95% CI 5.1–7.3) 

months in the docetaxel arm. The 1-year survival nearly 

doubled with nivolumab compared to docetaxel: 42% (95% 

CI 34%–50%) compared to 24% (95% CI 17%–31%), 

respectively. At 18 months, this benefit was maintained, with 

survival of 28% and 13%, respectively, as well as at 2 years, 

with survival of 23% and 8%, respectively. The ORR with 

nivolumab was 20% (95% CI 14%–28%), more than double 

that of docetaxel (ORR 9%, 95% CI 5%–15%).29–31

For patients with nonsquamous NSCLC, the phase III 

CheckMate 057 trial randomized 582 patients who had 

failed platinum-based chemotherapy or tyrosine kinase-

inhibitor therapy (if EGFR- or ALK-positive tumors) to 

receive nivolumab or docetaxel. The primary end point of 

improved median OS was met: 12.2 months with nivolumab 

(95% CI 9.7–15 months) versus 9.4 months with docetaxel 

(95% CI 8.1–10.7 months). Survival rates at 1 year and 

18 months were 51% (95% CI 45%–56%) and 39% (95%  

CI 34%–45%) for nivolumab versus 39% (95%  

CI 33%–45%) and 23% (95% CI 19%–28%) for docetaxel, 

respectively (1-year hazard ratio 0.73, 95% CI 0.59–0.89; 

18-month hazard ratio 0.72, 95% CI 0.6–0.88).32 At 2 years, 

responses remained durable, with OS of 29% for nivolumab 

and 16% for docetaxel.31 The ORR was 19% for nivolumab 

versus 12% for docetaxel. Despite this, nivolumab was not 

associated with a longer progression-free survival (PFS; 

median of 2.3 months for nivolumab and 4.2 months for 

docetaxel, hazard ratio 0.92).32

With interest in PDL1 as a potential predictive biomarker, 

the CheckMate 063, 017, and 057 trials included an analysis 

of the prognostic implications of PDL1 positivity. In the 

CheckMate 063 trial, PR rates were higher in those with more 

than 5% of cells positive for PDL1 by immunohistochemical 

assay compared to individuals with less than 5% positivity 

(24% versus 14%). However, some PDL1-negative patients 

still demonstrated response to nivolumab (ten of 31 patients 

with ,1% PDL1 positivity had either PR or SD). In the 

CheckMate 017 trial, greater levels of PDL1 expression had 

little correlation with improved outcomes (expression levels 

at $1%, $5%, and $10% were evaluated), suggesting that 

PDL1 may not reliably predict response to PD1 therapy.28,30 

Other research has also highlighted that PD1 therapy can still 

be beneficial in PDL1 negative patients.33 In the CheckMate 

057 trial, however, a higher ORR and improved OS were 

found in patients with greater levels of PDL1 expression.32 
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OS at 2 years for nivolumab-treated patients by PDL1 

expression was 37% with $1% PDL1 expression, 44% 

with $5% PDL1 expression, and 45% with $10% PDL1 

expression compared to 13%–18% in patients considered to 

be PDL1-negative.31 This trial allowed archival tissue and 

did not require new tissue biopsy for evaluation of PDL1 

positivity, which some might argue could skew the results. 

However, archival and fresh tissue seem to correlate fairly 

well with regard to levels of PDL1 expression.34

Nivolumab in the first-line setting
Currently, nivolumab is not approved for use in the first-line 

setting. The CheckMate 012 trial evaluated nivolumab 

3 mg/kg every 2 weeks as initial monotherapy for squamous 

and nonsquamous NSCLC.35 Of 52 patients, the ORR was 

23%, with 8% demonstrating a complete response. ORR was 

higher in PDL1-positive patients. Patients expressing $50% 

PDL1 had an ORR of 50% compared to 14% for those 

expressing ,1%.36 At 1 year, OS is 73%. The CheckMate 

026 trial did not meet its primary end point of improved PFS 

when comparing nivolumab to platinum-based chemotherapy 

in treatment-naïve patients with stage IV NSCLC and PDL1 

expression in $5% of tumor cells. Among 423 patients, PFS 

was 4.2 months with nivolumab and 5.9 months with che-

motherapy. OS was 14.4 months for nivolumab compared 

with 13.2 months for chemotherapy.37 Notably, 60.4% of 

patients in the chemotherapy arm crossed over to receive 

nivolumab subsequently.

Combination therapy
As nivolumab has demonstrated improved survival and toxicity 

profiles compared to standard chemotherapy, the efficacy and 

safety of checkpoint-inhibitor combinations has been investi-

gated. Encouraging results have been seen when nivolumab 

was combined with ipilimumab (Yervoy, Bristol-Myers Squibb, 

NY, USA) in patients with metastatic melanoma, where niv-

olumab plus ipilimumab demonstrated a greater ORR (61% 

vs 11%) and PFS (not yet reached vs 4.4%) than ipilimumab 

alone, albeit with more toxicities in the combination arm.38

In lung cancer, a multiarm Phase I study of 148 patients 

investigated combination nivolumab plus ipilimumab in 

the first-line setting.39 Four dose schedules of these agents 

were administered: nivolumab 1 mg/kg every 3 weeks plus 

ipilimumab 1 mg/kg every 3 weeks followed by nivolumab 

3 mg/kg every 2 weeks; nivolumab 1 mg/kg every 2 weeks 

plus ipilimumab 1 mg/kg every 6 weeks; nivolumab 3 mg/kg 

every 2 weeks plus ipilimumab 1 mg/kg every 12 weeks; and 

nivolumab 3 mg/kg every 2 weeks plus ipilimumab 1 mg/kg  

every 6 weeks. The cohorts receiving nivolumab 3 mg/kg 

every 2 weeks had the highest ORR. The ORR was 39% 

when combined with ipilimumab every 12 weeks versus 31% 

when combined with ipilimumab every 6 weeks. Median 

PFS was 8 months versus 8.3 months for these two groups, 

respectively.36 Patients with greater PDL1 expression dem-

onstrated superior ORR. ORR with $50% PDL1 expression 

was 100% for patients treated with nivolumab 3 mg/kg every 

2 weeks with ipilimumab 1 mg/kg every 12 weeks. The ORR 

for patients with $1% PDL1 expression was 57%. Similarly, 

patients treated with nivolumab 3 mg/kg every 2 weeks plus 

ipilimumab 1 mg/kg for 6 weeks demonstrated an ORR of 

86% with $50% PDL1 expression and an ORR of 57% 

with $1% PDL1 expression.36

For patients with EGFR-mutant NSCLC, nivolumab has 

been combined with erlotinib in the first-line setting in a study 

of 21 patients. Although the study included a limited number 

of patients (and one patient was EGFR tyrosine kinase-naïve), 

three patients attained PR and nine patients had SD. The ORR 

was 19%, and the 24-week PFS rate was 51%.40

Investigation in the first-line setting for patients with 

stage IV or recurrent NSCLC continues with CheckMate 227, 

a Phase III trial of nivolumab alone versus nivolumab plus 

ipilimumab versus nivolumab plus platinum-based chemo-

therapy versus platinum-based chemotherapy. The primary 

end points are OS and PFS (NCT02477826).

Additional combinations of nivolumab with cytotoxic 

chemotherapy are also being investigated. This is of particu-

lar interest, as cytotoxic chemotherapy can modulate immu-

noresponse to tumors through a variety of mechanisms,41–44 

potentially creating a favorable synergism when combined 

with checkpoint inhibitors. One arm of the CheckMate 

012 trial investigated nivolumab plus platinum-based doublet 

chemotherapy (cisplatin–gemcitabine, pemetrexed–cisplatin, 

or paclitaxel–carboplatin) in 56 chemotherapy-naïve patients. 

The ORR was 33%–47%, 24-week PFS 36%–71%, and 

1-year OS 59%–87%.45

Table 2 outlines many of the aforementioned major 

clinical trials of nivolumab, with comparisons of ORR, 

median PFS, median OS, and toxicities. Table 3 highlights 

ongoing trials to date.

Toxicity
Owing to its mechanism of action involving T-cell activa-

tion and upregulation of immunoresponse, nivolumab has 

the potential to cause autoimmune-like toxicities. Nonspe-

cific T-cell activation can lead to loss of self-tolerance and 

reactivity against normal tissue, resulting in elevated levels 
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of CD4 T-helper cell cytokines or increased migration of 

CD8 T-cells into normal tissues. Dermatologic toxicities, 

hepatitis, and endocrinopathies are among the most fre-

quent immunorelated adverse events (irAEs) observed from 

nivolumab. Pneumonitis is rare, but one of the most severe 

irAEs.46 Several other rare irAEs that may occur with PD1 

inhibitors include Guillain–Barré syndrome, myasthenia 

gravis, and encephalitis.32,47,48 There are also case reports of 

PD1 inhibitors triggering type I diabetes, both in genetically 

predisposed adults and de novo.49–51

The timing of irAEs is variable, ranging from several days 

after the first dose to after discontinuation of therapy. The 

mean time to onset is 6–12 weeks after treatment initiation.47 

Early toxicities are more frequently rash and colitis (although 

colitis on the whole is less common with nivolumab com-

pared to ipilimumab),52 appearing as early as 4–5 weeks.47 

Hepatitis and endocrinopathies generally present later, closer 

to weeks 12–24.47

In the Phase I trial conducted by Topalian et al,24 the 

most common side effects of nivolumab were fatigue 

(24%), decreased appetite (12%), and diarrhea (10%). 

Grade 3–4 treatment-related AEs were observed in 14% 

of patients. Three treatment-related deaths occurred, 

related to pneumonitis.24,26 In the CheckMate 063 trial, the 

most frequently observed toxicities were fatigue (33%), 

decreased appetite (19%), nausea (15%), weakness (12%), 

rash (11%), and diarrhea (10%). The most common grade 

3–4 AEs were fatigue (4%), pneumonitis (3%), and diar-

rhea (3%). More than 25% of patients had dose delays 

due to toxicity, 74% of patients experienced toxicity of 

any grade, and 17% experienced a grade 3 or 4 AE. Two 

treatment-related deaths occurred from pneumonia and 

ischemic stroke.28 Similar rates of AEs were observed in 

the CheckMate 057 trial.32 No treatment-related deaths 

occurred. While this study, like most of the CheckMate 

trials, included only patients with Eastern Cooperative 

Oncology Group (ECOG) performance status of 0–1, it 

appears that patients with an ECOG performance status 

of 2 may have similar rates of AEs. This is supported by 

the ongoing CheckMate 153 trial, where 8% of patients 

have an ECOG performance status of 2 and AEs are 

similar to those, with a performance status of 0–1.53 The 

comparison of nivolumab and docetaxel in the CheckMate 

017 trial demonstrated higher rates of grade 3–4 AEs in 

the docetaxel group: 58% compared to 8% of patients 

receiving nivolumab. Ten percent of patients discontinued 

treatment due to AEs related to docetaxel compared to 5% 

of patients in the nivolumab arm.29 Pneumonitis was seen in 

5% of patients treated with nivolumab, but only 1% were 

classified as grade 3 or higher.30

Notwithstanding the prevalence of irAEs with nivolumab, 

the majority of these AEs are only grade 1 or 2.23,24,28,54 Most 

toxicities are reversible by stopping therapy and initiating 

corticosteroids.55,56 Therefore, one of the major benefits of 

nivolumab compared to traditional cytotoxic chemotherapy 

is its more favorable side-effect profile.

Compared to anti-CTLA4 therapy, PD1 and PDL1 

agents appear to have more tumor-specific activity and 

produce fewer immune-related AEs.57,58 Interestingly, irAEs 

associated with CTLA4 blockade become more frequent 

with increasing doses, whereas irAEs associated with PD1 

blockade do not appear to be dose-related. Grade 3–4 diarrhea 

and colitis are more common in patients treated with CTLA4 

inhibitors (10%)59 than in patients treated with PD1 inhibitors 

(1%–2%).24,60 Transaminitis is also more common with anti-

CTLA4 agents than with PD1 inhibition.47 Nivolumab does 

have higher rates of pneumonitis compared to anti-CTLA4 

therapy, which can be particularly challenging when it is used 

in the treatment of LC, where pneumonitis can be difficult to 

distinguish from tumor progression or inflammatory response 

(pseudoprogression).

While there may be potential for increased efficacy with 

combinations of checkpoint inhibitors, this must be balanced 

by the potential for increased toxicity. In the CheckMate 

012 trial, grade 3–4 AEs were reported in 28%–35% of 

patients across the four cohorts. AEs leading to treatment 

discontinuation occurred in 5%–13% across the cohorts, 

with the lowest rates of discontinuation in those treated 

Table 3 Selected ongoing trials of nivolumab

Study Phase Treatment Patient population Primary end point

CheckMate 078 iii Nivolumab vs docetaxel Second line after platinum-based 
chemotherapy, all histologies

OS

CheckMate 227 iii Nivolumab or nivolumab + ipilimumab or nivolumab + 
platinum-doublet chemotherapy vs platinum-doublet 
chemotherapy alone

First line, all histologies OS

CheckMate 153 iii Nivolumab Second line, all histologies incidence of high-grade (3–5) 
treatment-related adverse events

Abbreviation: OS, overall survival.
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with ipilimumab at less frequent intervals (every 6 weeks or 

every 12 weeks).36

Combinations of chemotherapy and nivolumab have also 

shown higher rates of grade 3–4 AEs. In the CheckMate 

012 cohort combining nivolumab with platinum-based dou-

blet chemotherapy, the rate of grade 3–4 AEs was 45%, with 

the commonest toxicities being pneumonitis (7%), fatigue 

(5%), and acute renal failure (5%).45 In the nivolumab-plus-

erlotinib arm of CheckMate 012, AEs were observed in all 

21 participants, although only 24% were grade 3 or higher. 

Two patients discontinued treatment due to AEs.40

Application of nivolumab in NSCLC 
treatment
As mentioned previously, nivolumab is approved for 

advanced squamous and nonsquamous NSCLC on or after 

platinum-based chemotherapy. According to US National 

Comprehensive Cancer Network guidelines, nivolumab and 

pembrolizumab are the preferred agents for treatment of 

patients with advanced NSCLC without sensitizing EGFR 

mutations or ALK translocations who have an ECOG per-

formance status of 0–2 and progression following first-line 

therapy with platinum-based doublet chemotherapy or beva-

cizumab plus chemotherapy.61 In contrast to pembrolizumab, 

nivolumab is approved irrespective of PDL1 expression, 

although a companion diagnostic is FDA-approved for non-

squamous NSCLC patients. Pembrolizumab is approved only 

for PDL1-positive pretreated patients (with PDL1 positivity 

defined as a tumor-proportion score of $50% using the 

FDA-approved companion diagnostic test).

Dosing
The recommended dose of nivolumab was 3 mg/kg by 

intravenous infusion over 60 minutes every 2 weeks, but 

has recently moved to a fixed-dosing schedule of 240 mg at 

each infusion. This is in contrast to pembrolizumab, which 

requires less frequent administration at a dose of 200 mg 

over 30 minutes every 3 weeks. Neither of these drugs needs 

adjustment for renal or hepatic impairment, unless impair-

ment is secondary to immunomediated nephritis or hepatitis. 

Treatment at this time should be continued until disease 

progression or unacceptable toxicity, although studies are 

ongoing evaluating the optimal duration of therapy.

Comparison with other PD1 and  
PDL1 agents
No direct comparison of nivolumab with other PD1 or PDL1 

inhibitors has been conducted; however, from current trial 

results, nivolumab appears to have similar efficacy and toxicity 

compared to these other agents. Pembrolizumab has an ORR 

of 15%–24%.62 The PDL1 inhibitors atezolizumab and 

durvalumab have ORRs of 23% and 14%, respectively.63,64 

All of the PD1 and PDL1 agents are similarly tolerated, with 

grade 3–4 AEs approximately 15% or less.62–66 Given their 

similarities, the choice of PD1 or PDL1 inhibitor depends 

largely on FDA approval, PDL1 status (if pembrolizumab 

is to be used), and provider preference. At this time, all 

agents are priced equally, although with time and more 

agents becoming available, hopefully that will change.

The role of PDL1 as a biomarker
Not all patients with NSCLC will respond to nivolumab. 

To date, there is no established biomarker that predicts 

whether a patient will have a favorable outcome. Level 

of PDL1 expression on tumor cells by IHC is a promising 

potential predictor of response to anti-PD1/PDL1 therapy, 

although the role of PDL1 testing in terms of treatment 

decision making is still being clarified. Many of the trials 

presented herein suggest superior clinical responses with 

PD1 inhibitors in those with PDL1-expressing tumors. 

This was further supported by a 2016 pooled analysis of 

914 patients, where the ORR was higher for patients with 

PDL1-positive tumors (IHC cutoff .1%, odds ratio 2.44, 

95% CI 1.61–3.68).67 However, the relationship between 

PDL1 expression and response is not linear, as individuals 

with low levels of expression also respond to treatment, with 

RRs as high as 15%. When deciding who should receive PD1/

PDL1 therapy, this inconsistency in response makes PDL1 

an especially challenging biomarker.

The high degree of variability in PDL1 expression within 

the tumor microenvironment makes it an imperfect bio-

marker. Poor correlation between PDL1 expression on lung 

biopsies and resected tumors suggests significant intratumor 

heterogeneity.68,69 Furthermore, different levels of expression 

exist comparing primary versus metastatic lesions, as well 

as tumor cells, immune cells, and stromal cells. This intratu-

mor heterogeneity is influenced by a variety of intrinsic and 

extrinsic factors, including local tissue hypoxia, underlying 

tumor genetics, and prior chemotherapies. Illustrating this 

heterogeneity is a study of 73 cases of NSCLC patients 

with metastatic brain lesions. When disease sites in the lung 

and brain were compared, tumor PDL1 expression differed 

in 14% of cases and tumor-infiltrating lymphocyte PDL1 

expression differed in 26% of cases. In the majority of these 

spatially discordant cases, there was greater expression of 

PDL1 in primary LCs than the associated brain metastases. 

Furthermore, most lesions with varying tumor-cell PDL1 

expression were evaluated 6 months or more apart, indicating 

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


OncoTargets and Therapy 2017:10submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

3704

Feld and Horn

the possibility of temporal heterogeneity as well.70 The 

mechanism underlying PDL1 expression is also variable, 

occurring either in the form of constitutive oncogene activa-

tion or dynamic IFNγ-induced expression. The latter is more 

common, and results in high levels of PDL1 at T-cell-rich 

sites, often at the invasive margin of tumors.71

Methodological issues further limit the reliable use of 

PDL1 as a biomarker. Currently, multiple detection PDL1 

IHC antibodies are in use, and several different companion 

diagnostics exist. Recently, several PDL1 IHC assays have 

been compared for concordance, and found similar rates of 

staining for PDL1-positive tumor cells across assays 22C3, 

28-8, and SP263.72,73 However, in one analysis, assay SP142 

had fewer tumor cells stained compared to the others. All 

assays had greater variability on immune-cell staining than 

tumor-cell staining.72 Complicating standardization, there is 

no consensus definition for PDL1 positivity, with IHC cutoff 

points ranging from 1% to 50%. Without uniform proce-

dures for PDL1 detection, it not only becomes challenging 

to interpret outcomes but also to make decisions about who 

should receive treatment.

Patient population
Patients with autoimmune conditions have been excluded 

from clinical trials of checkpoint inhibitors, so the safety 

and efficacy of therapy is unknown in this population. Case 

reports have documented several of these patients who have 

tolerated checkpoint inhibitors, although these have been 

with ipilimumab in patients with melanoma, rather than with 

nivolumab for NSCLC.74,75 However, there have also been 

reports of therapy exacerbating patients’ underlying auto-

immune disease.76,77 Given the lack of data in this cohort of 

patients with autoimmune disease, decisions about treatment 

need to be made on an individual basis.

Patients on systemic corticosteroids or other immunosup-

pressants have been excluded from trials of checkpoint inhibi-

tors as well. Theoretically, these immunosuppressive agents 

will diminish the effect of checkpoint inhibitors. Therefore, 

patients on supraphysiological doses of corticosteroids may 

not suitable candidates for checkpoint inhibitors, although 

studies in this population are lacking.78 Individuals on low-

dose steroids are likely still appropriate for treatment. It also 

appears that even at doses of corticosteroids used to treat 

irAEs, checkpoint inhibition is still effective and can likely 

be continued in this population.79

Monitoring disease progression
Tumor evaluation assessed by computed tomography is 

recommended every 2 months. Assessment of response to 

treatment with immunotherapy presents unique challenges 

compared to traditional cytotoxic chemotherapy. By activat-

ing the immune system, checkpoint inhibitors induce lym-

phocyte infiltration into the tumor environment, leading to 

inflammation, which can appear as increased tumor burden 

by Response Evaluation Criteria in Solid Tumors (RECIST) 

criteria on imaging. This phenomenon has been referred to as 

“pseudoprogression”. Therefore, clinicians must be cautious 

with their interpretation of initial imaging, as the appearance 

of increased disease may not be true progression. Immu-

norelated response criteria (irRC) have been developed to 

characterize responses to immunotherapy better. With these 

criteria, the emphasis is on overall tumor burden, rather than 

reliance on dimensions of index lesions alone. Furthermore, 

documentation of progressive disease requires more than one 

assessment. For example, progressive disease is defined in 

RECIST as $20% relative increase in the sum of diameters 

of target lesions (with an absolute increase $5 mm) or the 

appearance of at least one new lesion,80 whereas irRC define 

progressive disease as an increase in tumor burden $25% in 

two consecutive assessments $4 weeks apart.81

A comparison of RECIST and irRC was done in 

411 patients receiving pembrolizumab for melanoma.82 

A total of 51 patients were classified as having progressive 

disease by RECIST, but complete response, PR, or SD by 

irRC, which translates to an underestimation of response in 

12% of patients. Despite this, irRC have not yet been fully 

validated and accepted in clinical practice, and current trials 

of checkpoint inhibitors still rely on RECIST.81

Monitoring toxicity
In addition to having their response and disease progres-

sion monitored, patients should be monitored closely for 

toxicities, which can occur at any time during the course of 

treatment. This includes baseline thyroid-function studies, 

complete blood count, and complete metabolic panel, and 

then at each treatment and every 6–12 weeks for the first 

6 months after treatment is stopped.47 Symptoms of severe 

fatigue should prompt consideration of checking adreno-

corticotropic hormone, cortisol, and testosterone levels 

(in males). Patients with pneumonitis represent a particular 

challenge, as described previously. Presenting symptoms 

include dyspnea, sputum production, fever, and/or hemop-

tysis, and any of these symptoms warrants evaluation with 

computed tomography of the chest.23,24,47,52 Chest X-ray often 

demonstrates diffuse bilateral infiltrates, which correspond 

to lymphocytes on bronchoscopic evaluation.

Immunorelated AEs are typically reversible with early 

detection and initiation of treatment. Dose reductions are not 
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recommended. Supporting this, in the initial trial conducted 

by Brahmer et al, there was no maximum tolerated dose 

across the 0.3, 1, 3, or 10 mg/kg doses and the percentage of 

patients with any grade AE or grade 3–4 AEs was similar 

across the 1–10 mg/kg doses.23 This is in contrast to CTLA4 

inhibitors, where there is dose-dependent toxicity.

Grade 1 toxicities are typically managed symptom-

atically, and do not require discontinuation of therapy. For 

grade 2 toxicities, treatment should be discontinued, and 

symptoms usually resolve with this intervention alone. 

If the patient’s symptoms do not improve in 1 week or if 

they initially present with a grade 3–4 AE, corticosteroids 

should also be initiated. For grade 2 toxicities requiring 

corticosteroids, a dose of 0.5 mg/kg/day of prednisone is 

recommended.47 For high-grade toxicities, patients should be 

started on prednisone 1–2 mg/kg/day, which can be tapered 

slowly once their clinical status improves. For patients who 

are refractory to corticosteroids and particularly those with 

refractory colitis, infliximab 5 mg/kg has been shown to 

be helpful.83 Of note, patients treated with corticosteroids 

for pneumonitis can have a prolonged recovery period, and 

improvement in radiographic findings typically lags behind 

clinical improvement.47

Future perspectives
Nivolumab is a good treatment option as second-line therapy 

in patients with advanced squamous and nonsquamous 

NSCLC; however, many questions remain with regard to 

its use. There is uncertainty regarding the most effective 

duration of therapy, safety and effectiveness of retreatment 

in select patient populations, the sequence of therapy in rela-

tion to chemotherapy, the appropriate combinations (with 

chemotherapy, targeted therapy, or combining anti-PD1 

and anti-CTLA therapies), and the safety of these agents 

with radiation, given the rare but life-threatening risk of 

pneumonitis. While the toxicity profile of nivolumab is well 

established as to the time of treatment, long-term side effects 

remain unknown. The CheckMate 153 trial aims to elucidate 

the potential of long-term toxicities up to 6.5 years on from 

therapy with nivolumab (NCT02066636).

While the aforementioned trials highlight encourag-

ing RRs for nivolumab, even greater responses may be 

attainable with further study. One way to achieve this may 

be with combination therapy with other immunotherapy, 

chemotherapy, targeted therapy, and/or radiation. Many of 

these combinations have already demonstrated encouraging 

synergistic effects. An additional combinatorial approach 

involves using immunotherapy and angiogenesis inhibitors, 

which has already shown promising results in renal cell 

carcinoma.84 VEGF has the ability to modulate the function 

of T cells and stroma in the tumor microenvironment, lead-

ing to an immunosuppressive state.85 This can then prime 

cells for a heightened response to PD1/PDL1 therapy, and 

thus deserves further investigation in combination with 

immunotherapy. Another strategy to improve RRs lies in 

knowing which patients will have the best response to therapy 

and establishing a personalized treatment plan. To date, we 

have not yet identified a biomarker capable of making this 

distinction. PDL1 has been the most researched biomarker 

thus far; however, there are multiple factors precluding its 

widespread, reliable use. Other than PDL1 status, smoking 

history has some potential as a biomarker, due to the obser-

vation in several studies that many smokers have higher 

RRs.24,86 High mutation burden has also been correlated with 

improved RRs.87

Conclusion
Nivolumab has expanded treatment options and prognosis 

for a cohort of pretreated NSCLC patients, demonstrating 

encouraging results as both single-agent therapy and in 

combination with other therapies. It has shown superior 

efficacy compared to docetaxel, and responses appear 

durable even beyond cessation of treatment. Compared to 

cytotoxic chemotherapy, toxicities of nivolumab are gener-

ally more acceptable and manageable. Combination therapy 

with other checkpoint inhibitors has resulted in higher RRs 

than monotherapy, although with more frequent AEs. With 

additional clinical trials under way, it is expected that there 

will continue to be increasing roles for nivolumab in the 

treatment of NSCLC patients.
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