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L ung cancer is the leading 
cause of cancer deaths in 
the United States (Ameri-
can Cancer Society [ACS], 

2015). Non–small cell lung cancer 
(NSCLC) is one of the most common 
types of the disease and accounts 
for 85% to 90% of lung cancer cases 
(ACS, 2015). Nonsquamous NSCLC 
accounts for approximately 45% to 
60% of all lung cancer cases, where-
as squamous NSCLC accounts for 
approximately 25% to 30% of all lung 
cancer cases (ACS, 2015).

Survival rates vary depending on 
the stage and type of the cancer and 
when it is diagnosed. For stage IV 
NSCLC, the 5-year survival rate is 1% 
(ACS, 2015). Factors that influence 
treatments for an individual patient 
include histology (squamous vs. non-
squamous), age, comorbidity, perfor-
mance status, and preferences and 
concerns regarding treatment. The 
presence or absence of driver muta-
tions can be another factor. Patients 
should have tumor tissue assessed 
for the presence of a driver mutation, 
such as mutated epidermal growth 
factor receptor (EGFR) or the ana-
plastic lymphoma kinase (ALK) fu-
sion oncogene (Kerr et al., 2014).

Ongoing research into the molecu-
lar pathways that drive malignancy in 

NSCLC has led to the development of 
agents that target specific molecular 
pathways in cancer cells (Kerr et al., 
2014). Targeted therapies are a signifi-
cant step forward in treating patients 
with tumors that contain specific mu-
tations in these pathways.

In the United States, several agents 
have been approved to target these 
tumors. They include erlotinib, afa-
tinib (Gilotrif ), and gefitinib (Iressa), 
which target EGFR signaling; crizo-
tinib (Xalkori) and ceritinib (Zykadia), 
which target ALK rearrangements; 
bevacizumab (Avastin) and ramuci-
rumab (Cyramza), which target vascu-
lar endothelial growth factor (VEGF) 
signaling. Pembrolizumab (Keytruda) 
and nivolumab (Opdivo) target pro-
grammed cell death protein 1 (PD-1) 
signaling (Lexi-Comp, 2015). Nivolu- 
mab, one of the agents that target PD-1 
signaling, has become of particular 
interest for its clinical activity against  
malignant cells.

The PD-1 protein is an immune 
checkpoint receptor expressed by ac-
tivated T cells (Topalian et al., 2012; 
Brahmar et al., 2012). In a normal 
physiologic state, this immune check-
point exists to protect against inflam-
mation and autoimmunity (Robert et 
al., 2015). In a neoplastic state, PD-1 
binds to its ligands PD-L1 (B7-H1) J Adv Pract Oncol 2016;7:220–225
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and PD-L2 (B7-DC), which are expressed on tu-
mor cells; this inhibits T-cell proliferation, cytokine 
production, and cytolytic function, thereby causing 
immunosuppression and preventing the immune 
system from rejecting the tumor (Brahmer, Horn, 
& Antonia, 2013; Brahmer & Pardoll, 2013; Sundar, 
Soong, Cho, Brahmer, & Soo, 2014).

The overexpression of PD-L1 on CD8-positive 
T cells has been identified in NSCLC tumors and 
is associated with a poor prognosis (Hirahara et 
al., 2012; Konishi et al., 2004; Mu, Huang, Chen, 
Chen, & Zhang, 2011). Monoclonal antibodies, in-
cluding nivolumab, target the binding of the PD-1 
receptor to one of its ligands, which disrupts the 
negative PD-1–receptor signaling and augments 
the T-cell response (Robert et al., 2015).

PHARMACOLOGY
Nivolumab is a fully human immunoglobulin 

G4 (IgG4) monoclonal antibody that selectively in-
hibits PD-1 activity by binding to the PD-1 receptor 
to block PD-L1 and PD-L2 from binding (Bristol-
Myers Squibb, 2016). The negative PD-1–receptor 
signaling that regulates T-cell activation and prolif-
eration is therefore disrupted (Robert et al., 2015). 
This releases PD-1 pathway–mediated inhibition of 
the immune response, including the antitumor im-
mune response (Bristol-Myers Squibb, 2016).

INDICATION AND DOSING
Nivolumab is approved in the United States for 

the treatment of unresectable or metastatic mela-
noma as a single agent in patients with disease 
progression following ipilimumab (Yervoy) and, if 
positive for BRAF V600 mutation, a BRAF inhibi-
tor. It is also used in combination with ipilimumab 
in patients with BRAF V600 wild-type unresect-
able or metastatic melanoma (Postow et al., 2015; 
Larkin et al., 2015). Nivolumab is indicated for 
treatment of advanced metastatic renal cell carci-
noma in patients who have received prior therapy 
(Bristol-Myers Squibb, 2016). Clinical trials have 
shown the efficacy of nivolumab in treating pa-
tients with NSCLC, which lead to its approval for 
this disease by the US Food and Drug Administra-
tion (FDA) in 2015 (Bristol-Myers Squibb, 2016).

The indication includes the treatment of 
metastatic NSCLC, for both advanced squamous 
NSCLC and nonsquamous NSCLC, that has pro-

gressed on or after platinum-based chemotherapy 
(Bristol-Myers Squibb, 2016). Patients who have 
genomic tumor aberrations, such as EGFR or ALK, 
and are receiving an approved EGFR- or ALK-
directed therapy should have disease progres-
sion prior to receiving nivolumab (Bristol-Myers 
Squibb, 2016; Rizvi et al., 2015).

Adult dosing is 3 mg/kg once every 2 weeks as 
an infusion, mixed in 0.9% sodium chloride or 5% 
dextrose in water, to a final concentration of be-
tween 1 and 10 mg/mL. It is infused over 60 min-
utes using a low protein binding 0.2- to 5-µ inline 
filter (Bristol-Myers Squibb, 2016).

CLINICAL TRIALS
Multiple clinical trials have been conducted 

to examine the efficacy of nivolumab in patients 
with advanced-stage NSCLC. CheckMate 017 is a 
phase III, open-label, randomized clinical trial that 
evaluated nivolumab and docetaxel. Patients with 
advanced squamous cell NSCLC who had pro-
gressed during or after a prior platinum-based che-
motherapy regimen were randomized to receive ei-
ther nivolumab at 3 mg/kg intravenously (IV) over 
60 minutes every 2 weeks vs. docetaxel at 75 mg/
m2 IV administered every 3 weeks. The trial includ-
ed patients regardless of their PD-L1 expression 
status (Bristol-Myers Squibb, 2016). The primary 
endpoint was overall survival (OS), and secondary 
endpoints included progression-free survival (PFS) 
and objective response rate (ORR; Brahmer et al., 
2015; Bristol-Myers Squibb, 2016).

The results of the trial showed an OS benefit, 
with an estimated 28% of patients alive at 18 months 
for nivolumab vs. 13% for docetaxel. The median 
OS for the nivolumab arm was 9.2 months and 6.0 
months for docetaxel (hazard ratio [HR]: 0.62; 95% 
confidence interval [CI] = 0.48–0.81; p = .0004; Brah-
mer et al., 2015; Bristol-Myers Squibb, 2016).

The PFS rate at 18 months was 17% for the 
nivolumab arm vs. 2.7% for docetaxel. Median 
PFS was 3.5 months for patients administered 
nivolumab vs. 2.8 months for docetaxel (HR: 0.63; 
95% CI = 0.48–0.83; p = .0008). The ORR was 20% 
for the nivolumab arm vs. 9% for docetaxel, for an 
estimated odds ratio of 2.6 (95% CI = 1.3–5.5; p = 
.0083), with a continued ongoing response seen in 
63% of patients treated with nivolumab (Brahmer 
et al., 2015; Bristol-Myers Squibb, 2016). 
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Adverse effects occurred less frequently with 
nivolumab (131 patients) with any grade, 59%, and 
grade 3 or more, 8%. In 129 patients treated with 
docetaxel, adverse effects for any grade were 87% 
and for grade 3 or greater, 58% (Brahmer et al., 
2015; Bristol-Myers Squibb, 2016). These results 
included both hematologic and nonhematologic 
toxicities (Bristol-Myers Squibb, 2016).

Another clinical trial, CheckMate 057, a phase 
III, open-label, randomized clinical trial that 
evaluated patients with metastatic nonsquamous 
NSCLC who had experienced disease progression 
during or after one prior platinum-based chemo-
therapy regimen. This study included patients re-
gardless of their PD-L1 expression status. Patients 
were randomized to receive either nivolumab at 3 
mg/kg administered IV every 2 weeks or docetax-
el at 75 mg/m2 administered IV every 3 weeks 
(Borghaei et al., 2015; Bristol-Myers Squibb, 2016).

The primary endpoint of this trial was over-
all survival, which was 12.2 months in the nivolu-
mab arm (95% CI = 9.7–15.0) and 9.4 months in 
the docetaxel arm (95% CI = 8.0–10.7). The HR 
resulted with 0.73 (95% CI = 0.60–0.89; p = .0015; 
Borghaei et al., 2015; Bristol-Myers Squibb, 2016). 
This translates to a 27% reduction in the risk of 
death with nivolumab vs. docetaxel (Bristol-Myers  
Squibb, 2016).

The ORR in the nivolumab arm was 19%, 
showing that 56 of 292 patients had responses: 
4 complete responses and 52 partial responses 
(95% CI = 15–24; Borghaei et al., 2015; Bristol-
Myers Squibb, 2016). Docetaxel had an ORR of 
12%, demonstrating that 36 of 290 patients had 
responses—1 complete response and 35 partial 
responses (95% CI = 9–17; p = .02; Borghaei et 
al., 2015; Bristol-Myers Squibb, 2016). The me-
dian duration of response was 17 months in the 
nivolumab arm and 6 months in the docetaxel 
arm. Median PFS was 2.3 months in the nivolu-
mab arm vs. 4.2 months with docetaxel (HR = 
0.92; 95% CI = 0.77–1.11, p = .39; Borghaei et al., 
2015; Bristol-Myers Squibb, 2016).

ADVERSE EVENTS AND TOXICITY 
MANAGEMENT

In clinical trials, the most common adverse re-
actions (≥ 20%) reported by patients treated with 
nivolumab were fatigue (50%), dyspnea (38%), 

musculoskeletal pain (36%), decreased appe-
tite (35%), cough (32%), nausea (29%), constipa-
tion (24%), and rash (21%; Bristol-Myers Squibb, 
2016). Other adverse events may include edema; 
chest pain; and electrolyte imbalances including 
hyponatremia, hypokalemia, hyperkalemia, hy-
perglycemia, hypomagnesemia, hypocalcemia, 
and hypercalcemia (Lexi-Comp, 2015).

Severe infusion reactions have been reported in 
< 1% of patients in clinical trials of nivolumab as a 
single agent. Infusions should be interrupted or the 
rate of infusion slowed in patients with grade 1 or 2 
reactions and discontinued in patients with grade 
3 or 4 infusion reactions (Table 1). Immune-medi-
ated adverse events included pneumonitis, colitis, 
rash, adrenal insufficiency, hypophysitis, thyroid 
dysfunction, encephalitis, and hepatitis (Bristol-
Myers Squibb, 2016).

Baseline and periodic hepatic and renal func-
tion tests should be monitored (Lexi-Comp, 
2015). Serum blood glucose levels should be as-
sessed prior to each treatment and throughout 
therapy for patients at risk for hyperglycemia and 
patients with diabetes. Monitoring for signs and 
symptoms of hypophysitis and adrenal insuffi-
ciency during and after treatment is also indicat-
ed (Bristol-Myers Squibb, 2016).

Both hyperthyroidism and hypothyroidism 
should also be monitored prior to and every 6 
weeks throughout therapy while treating accord-
ingly. There are no dose adjustments with thy-
roid dysfunction (Bristol-Myers Squibb, 2016). 
In CheckMate 057, which included 287 patients, 
grade 1 or 2 hypothyroidism, which includes thy-
roiditis, occurred in 7% of patients, and elevated 
thyroid-stimulating hormone occurred in 17% of 
patients. Grade 1 or 2 hyperthyroidism occurred 
in 1.4% of patients receiving nivolumab (Bristol-
Myers Squibb, 2016). Dose reductions and adjust-
ments are indicated for other immune-mediated 
adverse events. 

In clinical trials, fatal immune-mediated pneu-
monitis, or interstitial lung disease, occurred in 0.5% 
of 978 patients, and adrenal insufficiency occurred in 
1% of a group of 555 patients who received nivolumab 
as a single agent. Other adverse events monitored in 
CheckMate 057 (n = 287) were diarrhea or colitis, oc-
curring in 17% of patients receiving nivolumab. Im-
mune-mediated colitis occurred in 2.4% of patients, 
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Table 1. Adverse Reactions and Dose Modifications With Nivolumab
Adverse reaction Severity Dose modification  
Adrenal insufficiency Grade 2

Grade 3 and 4
Withhold dosea

Administer corticosteroids 
(1–2 mg/kg/day prednisone equivalent and 
taper) and permanently discontinue

Colitis Grade 2 and 3

Grade 4

Administer corticosteroids (0.5–1 mg/kg/day 
prednisone equivalent followed by taper; for 
colitis lasting more than 5 days in grade 2) 
and withhold treatmenta 

Administer corticosteroids 
(1–2 mg/kg/day prednisone equivalent 
followed by taper) and permanently 
discontinue for grade 4 or recurrent colitis 
when restarting nivolumab

Encephalitis New-onset moderate or severe 
neurologic signs and symptoms 
Immune-mediated encephalitis

Withhold dosea  and evaluate for other 
causes
Administer corticosteroids 
(1–2 mg/kg/day prednisone equivalent 
followed by taper) and permanently 
discontinue

Hepatitis AST or ALT more than 3 and up to  
5 × ULN or total bilirubin more than 
1.5 and up to 3 × ULN
AST or ALT more than 5 × ULN or 
total bilirubin more than 3 × ULN

Administer corticosteroids 
(1–2 mg/kg/day prednisone equivalent 
followed by taper) and withhold treatmenta 

Permanently discontinue

Hypophysitis Grade 2 or 3

Grade 4

Administer corticosteroids 
(1 mg/kg/day prednisone equivalent) and 
withhold treatmenta 

Administer corticosteroids (1 mg/kg/day 
prednisone equivalent and taper) and 
permanently discontinue

Nephritis and renal dysfunction Serum creatinine more than 1.5 and 
up to 6 × ULN

Serum creatinine more than 6 × ULN

Administer corticosteroids (0.5–1 mg/kg/
day and taper) and withhold treatmenta  
Permanently discontinue if worsening or no 
improvement 
Administer corticosteroids 
(1–2 mg/kg/day prednisone equivalent and 
taper) and permanently discontinue

Pneumonitis Grade 2

Grade 3 or 4

Administer corticosteroids 
(1–2 mg/kg/day prednisone equivalent and 
taper) and withhold treatmenta 

Administer corticosteroids 
(1–2 mg/kg/day prednisone equivalent and 
taper) and permanently discontinue

Rash Grade 3

Grade 4

Administer corticosteroids
(1–2 mg/kg/day prednisone equivalent and 
taper) and withhold treatmenta 

Administer corticosteroids
(1–2 mg/kg/day prednisone equivalent and 
taper) and permanently discontinue 

Note. AST = aspartate aminotransferase; ALT = alanine aminotransferase; ULN = upper limit of normal.
aResume treatment when adverse reactions return to grade 0 or 1 (Bristol-Myers Squibb, 2016).
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including three grade 3 events. Grade 2 immune-
mediated renal dysfunction occurred in one patient. 
Fatal limbic encephalitis also occurred in one patient. 
Immune-mediated rash occurred in 6% of patients 
receiving nivolumab, including four grade 3 cases 
(Bristol-Myers Squibb, 2016). One drug interaction 
is listed, stating concomitant use with belimumab is 
contraindicated due to enhancing adverse effects of 
belimumab (Lexi-Comp 2015).

IMPLICATIONS FOR ADVANCED 
PRACTITIONERS

Nivolumab is currently approved by the FDA 
for treatment of metastatic NSCLC, for both ad-
vanced squamous NSCLC and nonsquamous 
NSCLC, that has progressed on or after platinum-
based chemotherapy. Routine laboratory monitor-
ing of patients receiving nivolumab should include 
hepatic and renal function tests, thyroid-stimulat-
ing hormone, and blood glucose. Monitoring for 
signs and symptoms of adrenal insufficiency, hy-
pophysitis, thyroid disorders, diabetes, immune-
mediated colitis, pneumonitis, rash, encephalitis, 
and infusion reactions should be done with each 
treatment and throughout therapy (Bristol-Myers 
Squibb, 2016).

Patients should be educated to tell their health-
care provider if they have immune system prob-
lems such as Crohn’s disease, ulcerative colitis, 
or lupus; or have had lung or breathing problems, 
an organ transplant, liver problems, or any other 
medical condition. Patients should be informed 
that the most common side effects in patients with 
NSCLC treated with nivolumab are tiredness; 
pain in muscles, bones, and joints; decreased ap-
petite; cough; and constipation. It is crucial to in-
form the patient to report to the health-care staff 
if symptoms of chills, shaking, itching, rash, flush-
ing, difficulty breathing, dizziness, fever, and feel-
ing of passing out during infusion of nivolumab. 
Patients should be monitored throughout therapy 
for adverse reactions, including immune-mediat-
ed adverse reactions (Table 2), and should notify 
the health-care provider if any symptoms develop 
(Bristol-Myers Squibb, 2016).

CONCLUSION
Research into the PD-1 pathway has been 

shown to be valuable in the immune system’s abil-

ity to control cancer. Blocking this pathway with 
targeted therapies such as nivolumab has led to 
tumor response and control in some patients with 

Table 2.  Assessment for Immune-Mediated 
Adverse Events With Nivolumab

Lungs  •  New or worsening cough 
 • Chest pain 
 •  Shortness of breath

Intestines  •  Diarrhea (loose stools) or more 
bowel movements than usual 

 •  Blood in stools or dark, tarry, 
sticky stools 

 •  Severe stomach area (abdomen) 
pain or tenderness

Skin  • Rash
 • Itching 
 •  Skin blistering 
 •  Ulcers in mouth or other mucous 

membrane

Liver  • Yellowing of skin or whites of eyes 
 • Severe nausea or vomiting 
 •  Pain on right side of stomach area 

(abdomen)
 • Dark urine (tea colored) 
 •  Bleeding or bruise more easily 

than normal 
 • Feeling less hungry than usual

Kidneys  • Decrease in amount of urine 
 • Blood in urine 
 • Swelling in ankles 
 • Loss of appetite

Hormone gland  •  Headaches that will not go away 
or unusual headaches 

 • Extreme tiredness 
 • Weight gain or loss 
 • Dizziness or fainting
 •  Changes in mood or behavior, 

such as decreased sex drive, 
irritability, or forgetfulness 

 • Hair loss
 • Feeling cold 
 • Constipation 
 • Deepening of voice
 • Excessive thirst or urine

Brain  • Headache 
 • Fever 
 • Tiredness or weakness 
 • Confusion
 • Memory problems 
 • Sleepiness
 • Hallucinations
 • Seizures
 • Stiff neck

Other organs  • Changes in eyesight 
 •  Severe or persistent muscle or 

joint pains 
 • Severe muscle weakness
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NSCLC. Nivolumab has been shown to be effi-
cacious in clinical trials, with increases in over-
all and progression-free survival compared with 
docetaxel. The recent approval of nivolumab may 
give another option to patients with previously 
treated metastatic NSCLC who have progressed 
on prior treatments.

Trial results show nivolumab to be fairly well 
tolerated; however, due to the potential for seri-
ous adverse effects, patients receiving nivolumab 
should be monitored closely. Patients and health-
care providers should be educated on nivolumab, 
including treatment regimen, monitoring param-
eters, adverse events, as well as immune-mediated 
adverse events, which may require dose modifica-
tions and treatment with corticosteroids. l

Disclosure
The author has no potential conflicts of inter-

est to disclose.

References
American Cancer Society. (2015). Detailed guideline: Lung can-

cer (non-small cell). Retrieved from http://www.cancer.org/
acs/groups/cid/documents/webcontent/003115-pdf.pdf

Borghaei, H., Paz-Ares, L., Horn, L., Spigel, D. R., Steins, M., 
Ready, N. E.,…Brahmer, J. R. (2015). Nivolumab versus 
docetaxel in advanced nonsquamous non-small-cell lung 
cancer. New England Journal of Medicine, 373(17), 1627–1639. 
http://dx.doi.org/10.1056/NEJMoa1507643

Brahmer J., Horn L., & Antonia S. (2013). Nivolumab (anti-PD-1; 
BMS-936558; ONO- 4538) in patients with non-small cell lung 
cancer: Overall survival and long-term safety in a phase 1 trial 
[Abstract MO 18.03]. International Association for the Study of 
Lung Cancer 15th World Conference on Lung Cancer. 

Brahmer J. R., & Pardoll D. M. (2013) Immune checkpoint inhibi-
tors: Making immunotherapy a reality for the treatment of 
lung cancer. Cancer Immunology Research, 1, 85–91. http://
dx.doi.org/10.1158/2326-6066.CIR-13-0078

Brahmer J., Reckamp K. L., Baas P, Crinò, L., Eberhardt, W. E., 
Poddubskaya, E.,…Spigel, D. R. (2015). Nivolumab versus 
docetaxel in advanced squamous-cell non-small-cell lung 
cancer. New England Journal of Medicine, 373(2), 123–135. 
http://dx.doi.org/10.1056/NEJMoa1504627

Brahmer, J. R., Tykodi, S. S., Chow, L. Q., Hwu, W. J., Topalian, S. 
L., Hwu, P.,…Wigginton, J. M. (2012). Safety and activity of 
anti-PD-L1 antibody in patients with advanced cancer. New 
England Journal of Medicine, 366, 2455–2465. http://dx.doi.
org/10.1056/NEJMoa1200694

Bristol-Myers Squibb Company. (2016). Opdivo (nivolumab) 

package insert. Retrieved from http://packageinserts.bms.
com/pi/pi_opdivo.pdf

Hirahara, K., Ghoreschi, K., Yang, X. P., Takahashi, H., Laurence, 
A., Vahedi, G.,…O’Shea, J. J. (2012). Interleukin-27 priming 
of T cells controls IL-17 production in trans via induction of 
the ligand PD-L1. Immunity, 36(6), 1017–1030. http://dx.doi.
org/10.1016/j.immuni.2012.03.024

Kerr, K. M., Bubendorf, L., Edelman, M. J., Marchetti, A., Mok, T., 
Novello, S.,…Felip, E. (2014). Second ESMO consensus con-
ference on lung cancer: Pathology and molecular biomark-
ers for non-small-cell lung cancer. Annals of Oncology, 25(9), 
1681–1690. http://dx.doi.org/10.1093/annonc/mdu145

Konishi, J., Yamazaki, K., Azuma, M., Kinoshita, I., Dosaka-
Akita, H., & Nishimura, M. (2004). B7-H1 expression on 
non-small cell lung cancer cells and its relationship with 
tumor-infiltrating lymphocytes and their PD-1 expression. 
Clinical Cancer Research, 10(15), 5094–5100. http://dx.doi.
org/10.1158/1078-0432.CCR-04-0428

Larkin, J., Chiarion-Sileni, V., Gonzalez, R., Grob, J. J., Cowey, C. 
L., Lao, C. D.,…Wolchok, J. D. (2015). Combined nivolumab 
and ipilimumab or monotherapy in untreated melanoma. 
New England Journal of Medicine, 373(1), 23–34. http://
dx.doi.org/10.1056/NEJMoa1504030

Lexi-Comp Online, Lexi-Drugs Online. (2015). Hudson, OH: 
Lexi-Comp, Inc. Retrieved http://online.lexi.com/action/
home

Mu, C. Y., Huang, J. A., Chen, Y., Chen, C., & Zhang, X. G. (2011). 
High expression of PD-L1 in lung cancer may contribute 
to poor prognosis and tumor cells immune escape through 
suppressing tumor infiltrating dendritic cells maturation. 
Medical Oncology, 28(3), 682–688. http://dx.doi.org/10.1007/
s12032-010-9515-2

Postow, M. A., Chesney, J., Pavlick, A. C., Robert, C., Grossmann, 
K., McDermott, D.,…Hodi, F. S. (2015). Nivolumab and ipi-
limumab versus ipilimumab in untreated melanoma. New 
England Journal of Medicine, 372(21), 2006–2017. http://
dx.doi.org/10.1056/NEJMoa1414428

Rizvi, N. A., Mazières, J., Planchard, D., Stinchcombe, T. E., Dy, 
G. K., Antonia, S. J.,…Ramalingam, S. S. (2015). Activity and 
safety of nivolumab, an anti-PD-1 immune checkpoint in-
hibitor, for patients with advanced, refractory squamous 
non-small-cell lung cancer (CheckMate 063): A phase 2, sin-
gle-arm trial. Lancet Oncology, 16(3), 257–265. http://dx.doi.
org/10.1016/S1470-2045(15)70054-9

Robert, C., Long, G. V., Brady, B., Dutriaux, C., Maio, M., Mortier, 
L.,…Ascierto, P. A. (2015). Nivolumab in previously untreat-
ed melanoma without BRAF mutation. New England Jour-
nal of Medicine, 372(4), 320–330. http://dx.doi.org/10.1056/
NEJMoa1412082

Sundar, R., Soong, R., Cho, B. C., Brahmer, J. R., & Soo, R. A. (2014). 
Immunotherapy in the treatment of non-small cell lung can-
cer. Lung Cancer, 85(2), 101–109. http://dx.doi.org/10.1016/j.
lungcan.2014.05.005

Topalian, S. L., Hodi, F. S., Brahmer, J. R., Gettinger, S. N., Smith, 
D. C., McDermott, D. F.,…Sznol, M. (2012). Safety, activity, 
and immune correlates of anti-PD-1 antibody in cancer. New 
England Journal of Medicine, 366, 2443–2454. http://dx.doi.
org/10.1056/NEJMoa1200690


