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A B S T R A C T

Objectives: Brain metastases are common among patients with non-squamous non-small-cell lung cancer
(NSCLC) and result in a poor prognosis. Consequently, such patients are often excluded from clinical trials. In
Italy an expanded access program (EAP) was used to evaluate nivolumab efficacy and safety in this sub-
population outside a clinical trial.
Materials and methods: In this EAP, nivolumab was available for patients with non-squamous NSCLC in pro-
gression after at least one systemic treatment for stage IIIB/IV disease. Nivolumab 3mg/kg was administered
intravenously every 2 weeks. Patients with brain metastases could be included if they were asymptomatic,
neurologically stable and either off corticosteroids or on a stable or decreasing dose of ≤10mg/day prednisone.
Results: 409 out of 1588 patients included had asymptomatic or controlled brain metastases. A median of 7 doses
(range 1–45) were delivered. Median follow-up was 6.1 months (range 0.1–21.9). The disease control rate was
39%: 4 patients had a complete response, 64 a partial response and 96 showed stable disease. At baseline, 118
patients were on corticosteroids and 74 were undergoing concomitant radiotherapy. The median overall survival
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in this subpopulation was 8.6 months (95% CI: 6.4–10.8). 337 discontinued treatment for various reasons, 23
(7%) of whom due to adverse events, in line with that observed in the overall population and in previous studies.
Conclusions: Our results confirm that nivolumab is active in non-squamous NSCLC patients with brain metas-
tases, despite their poor prognosis. Its safety profile is also concordant with results in the EAP overall population
and in patients with other malignancies.

1. Introduction

The choice of first-line treatment for advanced non-small cell lung
cancer (NSCLC) without oncogene addiction (epidermal growth factor
receptor [EGFR] wild-type, non-rearranged anaplastic lymphoma ki-
nase [ALK], c-ros proto-oncogene [ROS1]) is currently based on pro-
grammed death ligand 1 (PD-L1) expression. If expression levels of this
biomarker are ≥50%, the anti-PD-1 immune checkpoint inhibitor
pembrolizumab is generally used, whereas platinum-based che-
motherapy is the standard treatment when PD-L1 expression is> 50%.
First-line chemotherapy for non-squamous NSCLC comprises peme-
trexed plus cisplatin or another platinum-based doublet plus bev-
acizumab [1–3].

Docetaxel had long been regarded as the standard treatment for
NSCLC in progression after first-line chemotherapy. Second-line treat-
ment has radically changed over time and now includes pembrolizumab
if PD-L1 expression is at least 1% or another anti-PD-1 immune
checkpoint inhibitor, nivolumab, regardless of PD-L1 expression, or
docetaxel plus nintedanib. The use of second-line nivolumab after first-
line chemotherapy was confirmed in 2 phase III clinical trials,
CheckMate 017 for squamous histology [4] and CheckMate 057 for
non-squamous disease [5]. Docetaxel was the control arm in both stu-
dies. CheckMate 017 met both the primary endpoint (overall survival,
OS) and the other endpoints (progression-free survival, PFS, and re-
sponse rate, RR). PD-L1 expression was neither prognostic or predictive.
Checkmate 057 met its primary (OS) and secondary endpoints (RR), but
not PFS. Interestingly, OS improved in all pre-specified subgroups, with
the exception of patients undergoing third-line treatment, those with
brain metastases, and those with EGFR mutations.

Around 10% of patients diagnosed with metastatic NSCLC present
with brain metastases (half of these with multiple lesions) and around
30% subsequently develop brain metastases [6,7]. Central nervous
system (CNS) metastases are associated with poor prognosis and pa-
tients with untreated CNS metastases are generally excluded from
clinical trials [8]. Although local control of brain metastases has im-
proved thanks to recent advances in local therapies such as stereotactic
radiosurgery (SRS) [9], the effects of SRS are still limited and long-term
complications may occur. Whole brain radiation therapy (WBRT) is the
main alternative to SRS. However, given the limitations of local
therapies, systemic therapy can also be used effectively for brain me-
tastases whilst simultaneously treating extracranial disease.

In a pooled analysis of data from the CheckMate 017, CheckMate
057 and CheckMate 063 (phase 2 trial of nivolumab in NSCLC) studies,
median OS was longer in the nivolumab group (8.4 months; 95% CI:
5.0, 11.6) than in the docetaxel group (6.2 months; 95% CI: 4.4, 9.2) for
patients with pretreated CNS metastases [10].

An expanded access program (EAP) in Italy [11] offered an oppor-
tunity to evaluate nivolumab treatment in patients with CNS metastases
outside of a controlled clinical trial. We present the results from this
EAP for the subgroup of patients with CNS metastases.

2. Materials and methods

2.1. Patients

Inclusion criteria: 1) diagnosis of stage IIIB/IV non-squamous
NSCLC confirmed by histology or cytology; 2) age ≥18 years; 3) life
expectancy ≥6 weeks; 4) Eastern Cooperative Oncology Group (ECOG)

Performance Status (PS) ≤2; 5) normal blood, kidney and liver func-
tion; 6) progressive disease during or after at least one systemic che-
motherapy (platinum-based or alternative cytotoxic regimen if not
amenable to platinum) for advanced or metastatic non-squamous
NSCLC, also including patients who received definitive chemoradiation
therapy for locally advanced disease or platinum-containing neoadju-
vant or adjuvant chemotherapy and progressed or relapsed within 6
months of the end of therapy. Any prior anticancer therapy had to be
concluded at least 2 weeks before the administration of nivolumab, and
all related adverse events (AEs) had to be stabilized or resolved.
Patients were eligible if they did not have neurologic symptoms relating
to metastatic CNS lesions ≥2 weeks before enrolment. A maximum
dose of prednisone 10mg/day or equivalent was permitted.

Exclusion criteria: 1) symptomatic interstitial lung disease; 2) car-
cinomatous meningitis; 3) any prior immunotherapy (anti–PD-1,
anti–PD-L1, anti-programmed death-ligand 2 (PD-L2), anti-CD137, or
anti-cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) antibody,
any other drugs targeting checkpoint pathways or T-cell co-stimula-
tion); 4) patients eligible for another trial with nivolumab; 5) HIV in-
fection; 6) known autoimmune disease (with the exception of residual
hypothyroidism on an autoimmune basis, diabetes mellitus type 1,
psoriasis not requiring systemic treatment).

2.2. Study design and treatment

Nivolumab could only be provided upon physician request. All
participating centers approved EAP guidelines and all physicians ad-
hered to good clinical practice and the ethical standards laid down in
the 1964 Declaration of Helsinki. Written informed consent was ob-
tained from all patients. Nivolumab 3mg/kg was administered in-
travenously every 2 weeks until disease progression, unacceptable
toxicity or consent withdrawal, for a maximum of 24 months. In the
event of toxicity the administration of nivolumab could be delayed but
its dose could not be reduced. If, in the physician’s opinion, the patient
experienced a clinical benefit, nivolumab could also be continued be-
yond initial radiological progression, with the exception of patients
experiencing rapid disease progression. Concurrent radiotherapy was
allowed. Nivolumab had to be suspended for at least 1 week before,
during and 1 week after radiotherapy.

2.3. Assessments

Although endpoints were not pre-specified, physicians were re-
quired to carefully check for disease progression by assessing RR, dis-
ease control rate (DCR; combined rates of complete response [CR],
partial response [PR] and stable disease [SD]), PFS and OS. Every 8–12
weeks disease status was assessed using total body CT scan (brain, chest
and abdomen) or chest and abdomen CT scan and brain MRI, according
to the routine clinical practice of each participating center. The safety
profile of treatment was evaluated by physical examination and blood
tests including thyroid function, according to standards of care. AEs
were graded according to National Cancer Institute Common
Terminology Criteria for Adverse Events (CTCAEs) version 4.0.
Smoking habits were recorded through behavioral anamnesis: patients
who had smoked fewer than 100 cigarettes in their life were defined as
never smokers, those who had stopped smoking at least 12 months
before the diagnosis of cancer as former smokers, and those who
smoked or had stopped smoking<1 year before diagnosis as current
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smokers. EGFR mutations in exons 18–21 were detected using local
standard methods (e.g. Sanger Sequencing, pyrosequencing or Next
Generation Sequencing), based on the availability of cytological or
histological specimens.

2.4. Statistical analysis

The current analysis included patients with at least one CNS me-
tastasis from the Italian EAP cohort who had received at least one dose
of nivolumab. The cut-off date was September 2017. PFS and OS were
estimated using the Kaplan-Meier method. Median time-to-event values
were reported together with 95% confidence intervals (95% CI). PFS
was estimated from the start of nivolumab until any evidence of pro-
gressive disease, or death, whichever occurred first. OS was calculated
from the start of nivolumab until death from any cause or last follow-
up. Statistical analyses were performed with IBM SPSS Statistics 21.0
statistical software (IBM Corporation, Armonk, NY, USA).

3. Results

3.1. Patient characteristics

1588 patients with non-squamous NSCLC from 153 Italian centers
participated in the EAP. Patients in the overall cohort received a
median of 7 doses (range 1–55) of nivolumab, with a median follow-up
of 8.1 months (range 0.1–27.4). The 409 (26%) patients with asymp-
tomatic and controlled CNS metastases received a median of 7 doses
(range: 1–54) of nivolumab, with a median follow-up of 6.4 months
(range: 0.1–27.2). Baseline characteristics of patients with CNS metas-
tasis and of the overall population are shown in Table 1. 117 (29%)
patients were undergoing steroid therapy and 74 (18%) concomitant
steroid therapy and radiotherapy. 242 out of 409 patients with brain
metastases received brain radiotherapy, mainly before nivolumab
(69%).

3.2. Efficacy

ORR and DCR were 17% and 39% in CNS metastasis patients, re-
spectively, with CR in 4 patients, PR in 64 and SD in 96. Results were
similar inthe overall population (Table 2) [11]. Median PFS, one-year
PFS and median OS for the CNS group

was 3.0 months (95% CI: 2.7–3.3), 20% and 8.6 months (95% CI:
6.4–10.8), respectively, compared to 3.0 months (95% CI: 2.9–3.1),
22% and 11.3 months (95% CI: 10.2, 12.4) for the entire cohort. One-
year OS was 43% for CNS patients and 48% for all patients.
Kaplan–Meier estimates of OS are shown in Fig. 1. We also report the
imaging of a case of response in CNS lesions during treatment with
nivolumab without radiotherapy (Fig. 2).

3.3. Safety

Safety outcomes for CNS metastasis patients and the overall popu-
lation are shown in Table 3. Grade 3–4 treatment-related AEs were
reported in 7% of patients with CNS metastasis and in 6% of the overall
population. These events were managed using protocol-defined toxicity
management algorithms. 344 (84%) patients with CNS metastasis and
1300 (82%) in the overall population discontinued treatment (Table 4).
Of these, 11 (3%) in the former and 65 (5%) in the latter stopped
treatment because of treatment-related AEs.

4. Discussion

Up to now systemic therapy has played a limited role in targeting
brain metastases because of the inability of drugs to reach and target
malignant lesions in the CNS, with the exception of some cytotoxic
agents such as platinum compounds. As hydrophilic cytotoxic agents

only have limited access through the blood brain barrier (BBB), che-
motherapy is not usually able to reach primary brain malignancies.
However, brain metastases can cause BBB disruption so that che-
motherapy may be more effective in secondary brain lesions than in
primary brain malignancies [12].

Immune checkpoint inhibitors work by activating the immune
system against tumor cells, which may explain the potential effect of
immunotherapy on CNS metastases [13]. Moreover, NSCLC-derived
brain lesions show a higher expression of PD-L1 than the respective
primary tumor [14]. The presence of tumor infiltrating lymphocytes in
brain metastases are also an indicator of better prognosis [15].

There is evidence to support the effectiveness of immune checkpoint
inhibitors in NSCLC patients with CNS metastases. In their 2016 non-
randomized phase 2 trial evaluating pembrolizumab in NSCLC and
melanoma patients with untreated brain metastases, Goldberg et al.
reported a strong concordance between CNS and systemic response,
with 33% of NSCLC patients achieving generally durable response in
brain lesions. Neurological AEs in NSCLC patients were grade 1–2 and
not related to treatment. However, this study did not provide any in-
formation on the effects and safety of pembrolizumab in symptomatic
or larger CNS metastases [16]. The authors provided an update of trial
results at the 2018 ASCO Annual Meeting, reporting a CNS-related PFS
of 10.7 months (95% CI 6.6-not reached) among patients experiencing a
brain metastasis response or stable disease. None of the 5 patients with
negative PD-L1 had a brain response, but 2 lived for more than 12
months [17]. Dudnik et al. reported that, among 5 of 85 CNS NSCLC
patients treated with nivolumab, one experienced a CR, one PR, one SD
(leptomeningeal carcinomatosis), and 2 progressed [18]. These authors
did not observe any grade ≥3 adverse events, whereas 7% of our EAP
experienced grade 3–4 AEs. The 2 responders were a former female
smoker with adenocarcinoma (CR) and an elderly male ex-smoker with
squamous-cell lung carcinoma (PR). Systemic and intracranial re-
sponses were largely concordant [18].

A case report by Pluchart et al. reported on a 64-year-old Caucasian
male with pulmonary adenocarcinoma and brain metastases who re-
ceived 4 courses of nivolumab as 5th-line treatment concomitant with
high-dose corticosteroids for the related neurological symptoms.

Table 1
Demographics and baseline patient characteristics.

Characteristic CNS metastases
(n= 409)

All patients (n= 1,588)

Male, n (%) 264 (65) 1029 (65)
Median age, years (range) 63 (29–84) 66 (27–89)
≥75, n (%) 31 (8) 232 (15)

Smoking status, n (%)
Smoker 98 (27) 360 (23)
Former smoker 193 (47) 765 (48)
Never smoker 72 (18) 305 (19)
Unknown 46 (11) 158 (10)

ECOG PS, n (%)
0 152 (37) 648 (41)
1 225 (55) 815 (51)
2 30 (7) 108 (7)
Unknown 2 (1) 17 (1)

Metastasis site, n (%)
CNS 409 (100) 409 (26)
Bone 191 (47) 327 (21)
Liver 115 (28) 626 (39)

No. of prior systemic therapies, n (%)
1 74 (18) 378 (24)
2 147 (36) 562 (36)
3 99 (24) 332 (21)
≥4 88 (22) 307 (19)
Unknown 1 (1) 9 (1)

ECOG PS, Eastern Cooperative Oncology Group Performance Status; CNS,
central nervous system.
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Despite the extent of disease he experienced a PR in the brain lesions
and shrinkage of the metastases in other sites [19].

Läubli et al. described a case of cerebral vasculitis with the devel-
opment of anti-endothelial cell antibodies as a severe complication
during nivolumab treatment. The event occurred in a lung adeno-
carcinoma patient who showed regression in peripheral lesions and an
improvement in quality of life after some courses with nivolumab.
Subsequent cranial MRI revealed metastatic spread that was initially
treated with radiotherapy and then with corticosteroids and surgery.
Histopathological analysis revealed necrotizing encephalitis with no
evidence of metastatic lung cancer. No antibodies against neuronal
antigens were detected, but high titers of antinuclear anti-SSA/Ro and
anti-SSB/La antibodies were found. It is interesting to note that high
titers against SSA/Ro were already present in serum samples taken
before the start of anti-PD1 treatment [20]. Another important report
on nivolumab for the treatment of CNS metastases was the Italian EAP
for advanced squamous NSCLC [21]. Of 372 patients, 38 with asymp-
tomatic brain metastases received nivolumab. PFS was 5.5 months and
OS was 6.5 months (in the Italian EAP for non-squamous NSCLC, PFS
was 3 months and OS 8.6 months [11]). There were one CR, 6 PR and
11 SD diseases. Only one patient discontinued treatment because of an
adverse event, in contrast to patients with non-squamous histology and
CNS lesions where we recorded 4 CR, 64 PR and 96 SD among 409
patients. Although the total number of patients with CNS metastases
differs substantially in these 2 EAPs with distinct histological popula-
tions, the DCR was similar (47% and 40%, respectively).

The case series in the present report was the largest including non-
squamous NSCLC patients with brain metastases treated with im-
munotherapy. Specifically, the proportion of patients with CNS lesions
was one third of the overall population (409/1588), which can be

considered as fairly representative of patients seen in daily clinical
practice.

However, our study has some limitations. Complete information
was not available on the features of brain metastases (e.g. number and
site of lesions, brain prognostic scores). Even though inclusion criteria
for the EAP were not as strict as those of clinical trials, the patients
included with brain metastases were still a selected group given that
those with symptomatic brain involvement were excluded because they
often require high doses of steroids. Brain MRI was performed in ac-
cordance with the standard clinical practice of each center and so this
information was not available for all patients. Furthermore, as no dis-
tinction was made between intracranial and extracranial response,
there were no data on brain response evaluation.

Notwithstanding these limitations, in our opinion these results are
sufficiently robust to conclude that patients with asymptomatic brain
metastases treated with nivolumab showed outcomes and safety similar
to those of the overall population. This has already been seen in other
studies on immunotherapy in patients with brain metastases [16,17].
We hypothesize that these findings were the result of the innovative
mechanism of action of immune checkpoint inhibitors, perhaps because
the BBB is not an obstacle for activated immune cells. However, few
papers have compared the immune phenotype of brain metastasis
specimens with that of the primary tumor. A higher percentage of "ig-
norant" immune phenotypes has been observed in brain metastases and
this feature could influence the efficacy of immune checkpoint in-
hibitors rather than PD-L1 expression or tumor mutational burden
[13,22]. Although the combination of chemotherapy and im-
munotherapy is destined to become the standard treatment in NSCLC
patients, further studies are warranted to evaluate the efficacy and
safety of this new approach in patients with brain metastases.

5. Conclusions

This EAP represents a sizeable real-world experience with nivo-
lumab in previously treated patients with advanced non-squamous
NSCLC and CNS metastases. The efficacy of nivolumab in CNS patients
was similar to that of the overall cohort of this EAP and of the
Checkmate 057 trial population [5]. Safety was comparable between
patients with CNS metastasis and the overall EAP population, and is
consistent with that previously reported in the CheckMate 057 trial.
Despite the limitations of this type of study, our results suggest that
patients with CNS metastases could benefit from treatment with nivo-
lumab.

Table 2
Response outcomes.

Response, n (%) CNS metastasis
(n= 409)

All patients
(n= 1588)

Objective response rate 68 (17) 290 (18)
Disease control rate 164 (40) 704 (44)
Complete response 4 (1) 12 (1)
Partial response 64 (16) 278 (18)
Stable disease 96 (23) 414 (26)
Progressive disease 192 (47) 688 (43)
Death 35 (9) 130 (8)
Not determined 18 (4) 66 (4)

Fig. 1. Kaplan-Meier estimate of overall survival (OS) for patients with central nervous system (CNS) metastases and the overall population.
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Fig. 2. Magnetic Resonance Imaging of response of CNS lesions in a patient during treatment with nivolumab without radiotherapy. At baseline the patient had a
frontal brain metastasis (A) and cerebellar metastasis (C). After 3 years of treatment with nivolumab without radiotherapy both metastases had disappeared (B, D),
the frontal lesion substituted by a necrotic area (B).

Table 3
Safety results.

Treatment-related AE CNS metastases
(n= 409)

All patients (n= 1588)

Any grade
n (%)

Grade 3–4
n (%)

Any
grade
n (%)

Grade 3–4
n (%)

Any treatment-related AE 143 (35) 27 (7) 523 (33) 102 (6)
Fatigue/asthenia 47 (11) 6 (1) 175 (11) 26 (2)
Rash 7 (2) 2 (< 1) 52 (3) 6 (< 1)
Diarrhea 20 (5) 1 (< 1) 73 (5) 6 (< 1)
Pyrexia 12 (3) 0 58 (4) 2 (< 1)
Anemia 2 (< 1) 1 (< 1) 22 (1) 6 (< 1)
Nausea/vomiting 25 (6) 1 (< 1) 69 (4) 2 (< 1)
Pain 23 (6) 0 83 (5) 8 (< 1)
Hypothyroidism 7 (2) 1 (< 1) 37 (2) 2 (< 1)
Hyperthyroidism 6 (1) 0 37 (2) 2 (< 1)
Increased transaminase 5 (1) 2 (< 1) 20 (1) 9 (< 1)
Increased lipase/amylase 5 (1) 2 (< 1) 17 (1) 6 (< 1)
Lack of appetite/anorexia 17 (4) 1 (< 1) 57 (4) 2 (< 1)
Dyspnea 21 (5) 5 (1) 79 (5) 19 (1)
Pneumonitis 10 (2) 4 (1) 31 (2) 9 (< 1)

AE, adverse event.

Table 4
Summary of discontinuations.

Discontinuation CNS metastases
(n=409)

All patients
(n= 1,588)

Discontinued treatment, n (%) 344 (84) 1300 (82)
Reason for discontinuation, n (%)
Progressive disease 246 (72) 954 (73)
Death 43 (12) 130 (10)
AEs or serious AEs 23 (7) 101 (8)
Treatment-related AEs 11 (3) 65 (5)
Other* 32 (9) 115 (9)

AE, adverse event.
* Could include consent withdrawal, lost to follow-up, patient request.

L. Crinò et al. Lung Cancer 129 (2019) 35–40

39



Acknowledgements

The authors wish to thank Gráinne Tierney for editorial assistance.

References

[1] M. Reck, D. Rodríguez-Abreu, A.G. Robinson, R. Hui, T. Csőszi, A. Fülöp, et al.,
Pembrolizumab versus chemotherapy for PD-L1-positive non-small-cell lung cancer,
N. Engl. J. Med. 375 (2016) 1823–1833.

[2] G.V. Scagliotti, P. Parikh, J. von Pawel, B. Biesma, J. Vansteenkiste, C. Manegold,
et al., Phase III study comparing cisplatin plus gemcitabine with cisplatin plus pe-
metrexed in chemotherapy-naive patients with advanced-stage non-small-cell lung
cancer, J. Clin. Oncol. 26 (2008) 3543–3551.

[3] A. Sandler, R. Gray, M.C. Perry, J. Brahmer, J.H. Schiller, A. Dowlati, et al.,
Paclitaxel-carboplatin alone or with bevacizumab for non-small-cell lung cancer, N.
Engl. J. Med. 355 (2006) 2542–2550.

[4] J. Brahmer, K.L. Reckamp, P. Baas, L. Crinò, W.E. Eberhardt, E. Poddubskaya, et al.,
Nivolumab versus docetaxel in advanced squamous-cell non-small-cell lung cancer,
N. Engl. J. Med. 373 (2015) 123–135.

[5] H. Borghaei, L. Paz-Ares, L. Horn, D.R. Spigel, M. Steins, N.E. Ready, et al.,
Nivolumab versus docetaxel in advanced nonsquamous non-small-cell lung cancer,
N. Engl. J. Med. 373 (2015) 1627–1639.

[6] J.B. Sørensen, H.H. Hansen, M. Hansen, P. Dombernowsky, Brain metastases in
adenocarcinoma of the lung: frequency, risk groups, and prognosis, J. Clin. Oncol. 6
(1988) 1474–1480.

[7] I.T. Gavrilovic, J.B. Posner. Brain metastases: epidemiology and pathophysiology, J.
Neurooncol. 75 (2005) 5–14.

[8] O. Arrieta, C. Villarreal-Garza, J. Zamora, M. Blake-Cerda, M.D. de la Mata,
D.G. Zavala, et al., Long-term survival in patients with non-small cell lung cancer
and synchronous brain metastasis treated with whole-brain radiotherapy and
thoracic chemoradiation, Radiat. Oncol. 6 (2011) 166.

[9] C.G. Patil, K. Pricola, J.M. Sarmiento, S.K. Garg, A. Bryant, K.L. Black, Whole brain
radiation therapy (WBRT) alone versus WBRT and radiosurgery for the treatment of
brain metastases, Cochrane Database Syst. Rev. 9 (2017) CD006121.

[10] J.W. Goldman, L. Crinò, E.E. Vokes, E. Holgado, K. Reckamp, A. Pluzanski, et al.,
P2.36: nivolumab (nivo) in patients (pts) with advanced (adv) NSCLC and central
nervous system (CNS) metastases (mets): track: immunotherapy, J. Thorac. Oncol.
11 (2016) S238–S239.

[11] F. Grossi, L. Crinò, A. Delmonte, D. Turci, G. Lo Russo, F. De Marinis, et al., 1156P -
Italian nivolumab expanded access programme: real-world results in non-squamous

non-small cell lung cancer patients, Ann. Oncol. 28 (2017) v403–v427.
[12] R.D. Zhang, J.E. Price, T. Fujimaki, C.D. Bucana, I.J. Fidler, Differential perme-

ability of the blood-brain barrier in experimental brain metastases produced by
human neoplasms implanted into nude mice, Am. J. Pathol. 141 (1992) 1115–1124.

[13] E. El Rassy, A. Botticella, J. Kattan, C. Le Péchoux, B. Besse, L. Hendriks, Non-small
cell lung cancer brain metastases and the immune system: from brain metastases
development to treatment, Cancer Treat. Rev. 68 (2018) 69–79.

[14] A.S. Berghoff, C. Inan, G. Ricken, G. Widhalm, K. Dieckmann, P. Birner, et al.,
Tumor-infiltrating lymphocytes (TILs) and PD-L1 expression in non-small cell lung
cancer brain metastases (BM) and matched primary tumors (PT), Ann. Oncol. 25
(Suppl. 4) (2014) iv465–iv466 (Poster 1324).

[15] A.S. Berghoff, E. Fuchs, G. Ricken, B. Mlecnik, G. Bindea, T. Spanberger, et al.,
Density of tumor-infiltrating lymphocytes correlates with extent of brain edema and
overall survival time in patients with brain metastases, Oncoimmunology 5 (2015)
e1057388.

[16] G.B. Goldberg, S.N. Gettinger, A. Mahajan, A.C. Chiang, R.S. Herbst, M. Sznol, et al.,
Pembrolizumab for patients with melanoma or non-small-cell lung cancer and un-
treated brain metastases: early analysis of a non-randomised, open-label, phase 2
trial, Lancet Oncol. 17 (2016) 976–983.

[17] S.B. Goldberg, S.N. Gettinger, A. Mahajan, R.S. Herbst, A.C. Chiang, R. Lilenbaum,
et al., Durability of brain metastasis response and overall survival in patients with
non-small cell lung cancer (NSCLC) treated with pembrolizumab, J. Clin. Oncol. 36
(suppl) (2018) abstr 2009.

[18] E. Dudnik, S. Yust-Katz, H. Nechushtan, D.A. Goldstein, A. Zer, D. Flex, et al.,
Intracranial response to nivolumab in NSCLC patients with untreated or progressing
CNS metastases, Lung Cancer 98 (2016) 114–117.

[19] H. Pluchart, J. Pinsolle, J. Cohen, G.R. Ferretti, P. Bedouch, M. Giaj Levra, et al.,
Partial response of pulmonary adenocarcinoma with symptomatic brain metastasis
to nivolumab plus high-dose oral corticosteroid: a case report, J. Med. Case Rep. 11
(2017) 183.

[20] H. Läubli, J. Hench, M. Stanczak, I. Heijnen, A. Papachristofilou, S. Frank, et al.,
Cerebral vasculitis mimicking intracranial metastatic progression of lung cancer
during PD-1 blockade, J. Immunother. Cancer 5 (2017) 46.

[21] D. Cortinovis, A. Delmonte, R. Chiari, A. Catino, F. Grossi, C. Noverasco, et al.,
Italian nivolumab advanced squamous NSCLC expanded access program: efficacy
and safety in patients with brain metastases, J. Thorac. Oncol. 12 (S1336) (2017)
(P3.02c-094).

[22] A.S. Mansfield, M.C. Aubry, J.C. Moser, S.M. Harrington, R.S. Dronca, S.S. Park,
et al., Temporal and spatial discordance of programmed cell death-ligand 1 ex-
pression and lymphocyte tumor infiltration between paired primary lesions and
brain metastases in lung cancer, Ann. Oncol. 27 (2016) 1953–1958.

L. Crinò et al. Lung Cancer 129 (2019) 35–40

40

http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0005
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0005
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0005
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0010
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0010
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0010
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0010
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0015
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0015
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0015
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0020
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0020
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0020
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0025
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0025
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0025
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0030
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0030
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0030
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0035
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0035
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0040
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0040
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0040
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0040
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0045
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0045
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0045
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0050
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0050
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0050
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0050
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0055
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0055
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0055
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0060
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0060
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0060
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0065
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0065
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0065
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0070
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0070
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0070
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0070
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0075
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0075
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0075
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0075
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0080
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0080
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0080
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0080
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0085
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0085
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0085
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0085
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0090
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0090
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0090
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0095
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0095
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0095
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0095
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0100
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0100
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0100
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0105
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0105
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0105
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0105
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0110
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0110
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0110
http://refhub.elsevier.com/S0169-5002(18)30724-4/sbref0110

	Nivolumab and brain metastases in patients with advanced non-squamous non-small cell lung cancer
	Introduction
	Materials and methods
	Patients
	Study design and treatment
	Assessments
	Statistical analysis

	Results
	Patient characteristics
	Efficacy
	Safety

	Discussion
	Conclusions
	Funding
	Conflict of interest
	Acknowledgements
	References




