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Objectives: To compare real life effectiveness and safety of nivolumab in patients with non-small cell lung cancer
(NSCLC), according to age and Eastern Cooperative Group performance status (ECOG-PS).
Methods: We performed a retrospective analysis of patients treated with nivolumab for NSCLC within a Belgian
compassionate use program from July 2015 until December 2016. Safety and effectiveness were compared be-
tween patients aged ≥70 years and b 70 years and between ECOG-PS 0/1 and ≥ 2.
Results: A total of 324 patients with NSCLC were included. There was no significant difference between older
(≥70) and younger (b70 years) patients with regards to progression free survival (PFS) (4 months (95%CI
2.6;4.8) versus 3.7 months (95%CI 1;7), p = 0.483) and overall survival (OS) (9.3 months (95% CI
5.5;13.1months) versus 8.4 months (95%CI 6.3; 10.5), p= 0,638). Patients with an ECOG-PS ≥2 had a significant
lower median PFS and OS compared to patients with an ECOG-PS 0–1 (2.2 (95%CI 1.4; 2.9) versus 5.6 months
(95%CI 4.1; 7.1), p= 0.001 and 3.4 (95%CI 2.3; 4.5) versus 11.1months (95%CI 8.9; 13.2), p b 0.001 respectively).
No significant difference in all grades or grade 3/4 adverse events (AEs) were observed between the different age
groups (p = 0.526 and p = 0.603 respectively). Patients with an ECOG-PS 0/1 had significantly more all grades
AEs (p = 0.009) but no difference in grade 3/4 AEs was observed (p = 0.406) compared to ECOG-PS ≥2.
Conclusion: This real life retrospective study confirms that safety and effectiveness of nivolumab is similar be-
tween different age groups, but that effectiveness is driven by performance status.

© 2019 Elsevier Ltd. All rights reserved.
1. Introduction

Since 2015, the treatment landscape of non-small cell lung cancer
(NSCLC) has changed by the introduction of immunotherapy. Initially,
three immune checkpoint inhibitors (ICIs), the anti-programmed
el, Laarbeeklaan 101, 1090 Brussels,
r).

Sibille, et al., Real life safety an
.1016/j.jgo.2019.09.011
death (PD)-1 antibodies nivolumab [1,2] and pembrolizumab [3] and
the anti-programmed death ligand (PDL)-1 antibody atezolizumab [4],
demonstrated an increased efficacy compared to docetaxel in second-
line, after progression on a platinum-based chemotherapy. Treatment
with one of these ICIs in second-line resulted in response rates (RR) of
Belgium.
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Table 1
Patient characteristics.

All
patients
(N = 324)
N (%)

Patients b
70 years
(N = 216)
N (%)

Patients ≥
70 years
(N = 108)
N (%)

Patients
ECOG-PS
0/1
(N = 224)
N (%)

Patients
ECOG ≥ 2
(N = 87)
N (%)

Age
Median
(range)

65 (28–86) 60 (28–96) 74 (70–86) 65 (39–84) 65
(28–86)

Gender
Male 210 (65) 140 (65) 70 (65) 150 (67) 53 (61)
Female 114 (35) 76 (35) 38 (35) 74 (33) 34 (39)

ECOG-PS
0–1 224 (69) 144 (67) 80 (74) 224 (100) 0
≥2 87 (27) 63 (29) 24 (22) 0 87 (100)
Missing 13 (4) 9 (4) 4 (4) NA NA

Smoking status:
Current
smoker

118 (36) 87 (40) 31 (29) 76 (34) 38 (44)

Former smoker 156 (48) 96 (44) 60 (56) 110 (49) 40 (46)
Never smoker 23 (7) 13 (6) 10 (9) 18 (8) 3 (3)
Unknown 27 (8) 20 (9) 7 (6) 20 (9) 6 (7)

Histology
Non-squamous 214 (66) 146 (68) 68 (63) 150 (67) 56 (64)
Squamous 92 (28) 55 (25) 37 (34) 63 (28) 27 (31)
Other 18 (6) 15 (7) 3 (3) 11 (5) 4 (5)

EGFR status
Wild type 216 (67) 143 (67) 71 (66) 152 (68) 59 (68)
Mutation 9 (3) 8 (4) 1 (1) 7 (3) 1 (1)
Not done 99 (30) 63 (29) 36 (33) 65 (29) 27 (31)

ALK status
Wild type 212 (65) 144 (67) 68 (63) 150 (67) 57 (66)
Translocation 4 (1) 1 (b1) 3 (3) 2 (1) 2 (2)
Not done 108 (33) 71 (33) 37 (34) 72 (32) 28 (32)

Number of prior
lines
0 2 (0) 2 (1) 0 (0) 2 (1) 0 (0)
1 167 (52) 109 (50) 58 (54) 118 (53) 43 (49)
2 91 (28) 62 (29) 29 (27) 60 (27) 29 (33)
N2 64 (20) 43 (20) 21 (19) 44 (20) 15 (17)

Legend: N=number of patients, ECOG-PS: Eastern Cooperative OncologyGroup – Perfor-
mance Status; EGFR: Epidermal Growth Factor Receptor; ALK: Anaplastic Lymphoma like
Kinase, NA = Not applicable.
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approximately 20% and a significant improvement of overall survival
(OS) [1–4]. In addition, the ICIs demonstrated durable responses,
decreased toxicity and improved quality of life when compared to doce-
taxel. As a result, both by the United States Food and Drug Administra-
tion (FDA) and the European Medicines Agency (EMA) approved
nivolumab, pembrolizumab and atezolizumab for patients with
advanced NSCLC who experience progression on or after a platinum-
based chemotherapy. However, patients included in these phase 3
studies were relatively young and fit (Eastern Cooperative Oncology
Group Performance Status (ECOG-PS) 0–1) with few comorbidities
because they were highly selected according to the inclusion and
exclusion criteria.

Lung cancer is a disease of older persons. Currently, median age at
diagnosis is 70 years and almost 10% of patients are 80 years or older
[5]. This older NSCLC population is very heterogeneous with major
differences regarding the functional and cognitive status and the pres-
ence of comorbidities and polypharmacy. [6] A recent retrospective co-
hort study illustrated the age difference between the phase 3 studies
with nivolumab in NSCLC and real world cohorts [7,8]. In addition, ap-
proximately one third of patients with NSCLC have a poor ECOG-PS of
≥2, which were systematically excluded from the phase 3 studies [9].
Therefore, the results of the currently available phase 3 studies are not
representative for the real life population where the drug is used since
registration and reimbursement. It is unclear whether the effectiveness
and toxicity of ICIs in older patients differ from younger patients and
changes with ECOG-PS.

The aim of the present study is to perform a retrospective real-life
analysis of safety and effectiveness of nivolumab as a treatment for
NSCLC after progression on platinum-based chemotherapy in patients
aged 70 years or more and compare these to patients younger than
70 years. In addition, safety and effectiveness of nivolumab in patients
with an ECOG-PS ≥2 is investigated.

2. Patients and Methods

2.1. Study Design and Patient Population

FromSeptember 2015 throughDecember 2016, patientswith locally
advanced or metastatic squamous or non-squamous NSCLC who had
disease progression on at least one prior platinum-based chemother-
apy, were treated with nivolumab in a Belgian Compassionate Use Pro-
gram (CUP) sponsored by Bristol-Myers- Squibb (BMS).

We reviewed the multi-center data of patients treated with
nivolumab included in the CUP. In Belgium 98 hospitals participated
in the program and had at least one patient included. The thirty highest
volume hospitals had a minimum of 15 patients included in the pro-
gramandwere approached for participation in the current retrospective
analysis. A total of fourteen of these hospitals agreed to participate. The
central ethics committee of the UZ Brussel approved the study.

Medical records of patients with respect to NSCLC characteristics,
previous treatment history and nivolumab treatment (response, toxic-
ity, progression free survival (PFS) and overall survival (OS)) were
retrospectively reviewed.

2.2. Study Treatment and Assessment

Patients were treated with nivolumab at a dose of 3 mg/kg adminis-
tered every two weeks until disease progression, clinical deterioration
or unacceptable toxicity was confirmed.

Adverse events were graded retrospectively by the study team
according to the Common Terminology Criteria for Adverse Events ver-
sion 4.03, based on descriptions in the medical records and on labora-
tory values. [10]

Investigator-assessed response was evaluated according to local
clinical practice, usually every 2–3 months. Collected effectiveness
data included objective response rate (ORR), clinical benefit rate
Please cite this article as: S. Joris, T. Pieters, A. Sibille, et al., Real life safety an
cancer: ..., J Geriatr Oncol, https://doi.org/10.1016/j.jgo.2019.09.011
(CBR), defined as ORR or stable disease (SD) for six months or more,
date of progression and survival information.
2.3. Statistical Analysis

Data were analyzed using SPSS statistics version 25.0. Analysis of
data was descriptive (mean and standard deviation for continuous
data, frequency and percentages for categorical data). Time to event
variables were estimated using the Kaplan–Meier method and two-
sided 95% confidence intervals (CI) for the median were provided for
each variable.

Categorical data were compared using a Chi square test. Survival
data were compared using the log-rank test.

Values of p ≤ 0.05 were considered statistically significant.
3. Results

3.1. Patient Characteristics

A total of 324 patients with locally advanced or metastatic NSCLC
were included in this retrospective study.

Patient characteristics are presented in Table 1. Median age was
65 years (range 28–86) with 216 patients (67%) younger than 70 years
and 108 patients (33%) 70 years or older. A total of 46 patients (14%)
were 75 years or older. Eighty-seven patients (27%) had an ECOG-PS
d effectiveness of nivolumab in older patientswith non-small cell lung
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≥2. The majority of patients was male (65%) and had non-squamous
NSCLC (66%).

There were no significant differences between the younger
(b70 years) and older patients (≥70 years) and between patients with
a good (0 or 1) and a poor (≥2) ECOG-PSwith regards to the baseline pa-
tient characteristics.

3.2. Treatment Effectiveness

At the time of analysis, 29 patients (9%)were still on treatmentwith
a median duration of 28 months (range: 14–38). In the older patient
population, 11 patients (10%)were still on treatmentwith amedian du-
ration of 27.5 months (range: 22–38). Of the patients with an ECOG-PS
≥ 2, four (5%) were still on treatment with a median duration of
26.5months (range: 21–28). The differences between the different sub-
groups were not significant.

In the total population 67/324 patients (21%) achieved an ORR with
a complete remission (CR) and a partial remission (PR) in 13 (4%) and
54 (17%) patients respectively. There was no significant difference in
ORR between the younger and the older patient population (42/216
(19%) versus 25/108 (23%) respectively, p=0.675). CBRwas 30% in pa-
tients b70 years and 41% in patients ≥70 years respectively (p= 0.113).
Fig. 1. a and b Progression Free Survival and Overall Survival in months for older (≥70 years) an
Legend: PFS: Progression Free survival; OS: Overall Survival. Full line patients b70 years. Dotte
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In the patients ≥75 years, an ORR was observed in 11/46 patients (24%)
with a CBR of 39%. Patientswith an ECOG ≥2 had a significant lower ORR
compared to patients with an ECOG-PS 0 or 1 (13/87 (15%) versus 54/
224 (24%), p = 0.012). CBR was 23% in patients with ECOG ≥2 vs 38%
for patients with ECOG 0/1 (p = 0.009).

In the total population, median PFS was 3.8 months (95%CI 2.5–5.1)
and median OS was 8.6 months (95%CI 6.8–10.4). There was no signifi-
cant difference in median PFS for patients aged b70 and ≥ 70 years
(3.7 months (95% CI: 2.6–4.8) versus 4.0 months (95%CI: 1.0–7.0) re-
spectively, p = 0.483) (Fig. 1a). Median PFS in the patients ≥75 years
was 4.6 months (95%CI 0.3–8.9), which was not significantly different
from the younger patients b70 years (p = 0,753). Patients with an
ECOG ≥2 had a significantly shorter median PFS than patients with an
ECOG 0–1 (2.2 (95%CI 1.4;3.0) versus 5.6 months (95%CI 4.1;7.1)
respectively, p = 0.001) (Fig. 2a).

Median OS was 8.4 months (95% CI: 6.3–10.5) in the younger pa-
tients and 9.3 months (95% CI: 5.5–13.1) in the older population (p =
0.638) (Fig. 1b). In patients ≥75 years, median OS was 7.7 months
(95%CI 4.1–11.3), which was not significantly different from patients
b70 years (p=0.646). Therewas nodifference in one and two-year sur-
vival rates between the different age groups. One year survival rate was
41% in patients b70 and 44% in patients ≥70 years (p= 0.645) and two
d younger (b70 years) patients with Non-Small cell lung cancer treated with Nivolumab.
d line patients ≥70 years.

d effectiveness of nivolumab in older patientswith non-small cell lung
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Fig. 2. a and b: Progression free survival and overall survival for patients with an ECOG-PS 0–1 versus ECOG-PS ≥2 treated with nivolumab for a non-small cell lung cancer. Legend:
ECOG-PS = Eastern Cooperative Oncology Group - Performance status; PFS: progression free survival; OS: overall survival. Full line: patients with an ECOG-PS 0–1. Dotted line:
patients with an ECOG-PS ≥2.
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year survival rate was 19% and 18% respectively (p = 0.979). Patients
with an ECOG ≥2 had a significantly shorter median OS than patients
with an ECOG 0–1 (3.4 months (95%CI 2.3; 4.5) versus 11.1 months
(95%CI 8.9; 13.3) respectively, p b 0.001) (Fig. 2b). One and two year
survival rates for patients with ECOG ≥2 were significantly shorter
(28% and 9% respectively) compared with patients with ECOG 0–1
(47% versus 22% respectively; p = 0.002 and 0.011).

3.3. Treatment Safety

AEs of any grade were reported in 184/324 (57%) of patients. AEs
with a frequency of 5% or more in the total population are presented
in Table 2. The most common AEs in the total population were fatigue
(31%), anemia (17%), anorexia [12], pruritus (12%) and skin rash (10%).

There was no significant difference in the appearance of AEs of any
grade between the younger and the older population (120/216 (56%)
versus 64/108 (60%) respectively (p = 0.526)). Grade 3 or 4 AEs oc-
curred in 18% of the younger patients (b70 years) and in 16% of the
older patients (≥70 years) (p = 0.603). Younger patients reported
slightly more diarrhea than older patients although the numbers were
low (19/216 (9%) versus 8/108 (7%); p = 0.024). However all three
Please cite this article as: S. Joris, T. Pieters, A. Sibille, et al., Real life safety an
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cases of grade 3 diarrhea appeared in the older population. There was
no significant difference with regards to immune-related colitis be-
tween the two age groups. Hyperthyroidism was more frequently ob-
served in the older patients than in the younger patients (11/108
(10%) versus 11/216 (5%), p = 0.014).

The incidence of all grade AEs or grade 3/4 AEs was not significantly
different in patients aged ≥75 years (65% and 15% respectively with p=
0.458 and 0.867 respectively).

Patientswith an ECOG ≥2 experienced significantly less all grade AEs
(45% versus 61%, p=0.009) compared to patientswith an ECOG0/1 but
there was no difference in grade 3/4 AEs (20% versus 16%; p = 0.406).
There was no significant difference between the frequency of different
AEs for ECOG ≥2 and ECOG 0/1 although the latter had non-significant
more fatigue (35% versus 20%, p = 0.08) and skin rash (11% versus
8%, p = 0.09).

4. Discussion

In this retrospective Belgian study, we investigated the effectiveness
and safety of second-line nivolumab in advanced NSCLC in older pa-
tients (≥70 years) and in patients with an ECOG-PS ≥2.
d effectiveness of nivolumab in older patientswith non-small cell lung
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Table 2
Adverse events with a frequency of 5% or more in the total population.

Total population
(N = 324)

Patients b 70 years
(N = 216)

Patients ≥ 70 years
(N = 108)

Patients ECOG-PS 0/1
(N = 224)

Patients ECOG ≥ 2
(N = 87)

All grades N
(%)

Grades 3/4 N
(%)

All grades N
(%)

Grades 3/4 N
(%)

All grades N
(%)

Grades 3/4 N
(%)

All grades N
(%)

Grades 3/4 N
(%)

All grades N
(%)

Grades 3/4 N
(%)

Fatigue 100 (31) 11 (3) 70 (32) 8 (4) 30 (28) 3 (2) 79 (35) 7 (3) 17 (20) 3 (3)
Anemia 56 (17) 1 (0.3) 34 (16) 2 (b1) 22 (20) 1 (1) 35 (16) 1 (b1) 16 (18) 2 (2)
Anorexia 40 (12) 4 (1) 26 (12) 2(b1) 14 (13) 2 (2) 30 (13) 3 (1) 10 (11) 1 (1)
Pruritus 40 (12) 3 50 (23) 2 (b1) 11 (10) 1 (1) 29 (13) 1 (b1) 8 (9) 2 (2)
Skin rash 32 (10) 3 (1) 24 (11) 2 (b1) 8 (7) 1 (1) 24 (11) 1 (b1) 7 (8) 2 (2)
GGT increase 31 (10) 8 (3) 21 (10) 8 (4) 10 (9) 0 21 (9) 3 (1) 8 (9) 4 (5)
Diarrhea 27 (8) 3 (1) 19 (9) 0 8 (7) 3 (3) 18 (8) 2 (1) 8 (9) 1 (1)
Nausea 24 (7) 0 14 (6) 0 10 (9) 0 17(8) 0 7 (8) 0
AST increase 24 (7) 1 (0.3) 19 (9) 1 (b1) 5 (5) 0 15 (7) 1 (b1) 6 (7) 0
Hyperthyroidism 22 (7) 3 (1) 11 (5) 1 (b1) 11 (10) 2 (2) 17 (8) 2 (1) 4 (5) 1 (1)
ALT increase 17 (5) 0 14 (6) 0 3 (2.8) 0 12 (5) 0 3 (3) 0
Hypothyroidism 16 (5) 2 (1) 10 (5) 1 (b1) 6 (6) 1 (1) 11 (5) 1 (b1) 3 (3) 1 (1)
Pneumonitis 16 (5) 11 (3) 11 (5) 7 (3) 5 (5) 4 (4) 13 (6) 9 (4) 3 (3) 2 (2)

Legend: N= number of patients; ECOG-PS= Eastern Cooperative Oncology Group – Performance status; GGT= Gamma-Glutamyl Transferase; AST= Aspartaat aminotransferase; ALT
= Alanine aminotransferase.
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Our results indicate that effectiveness of nivolumab inNSCLC is inde-
pendent of chronological age but rather driven by performance status.
Indeed, we observed similar ORR, median PFS and median OS for youn-
ger (b70 years) and older patients (≥70 years). In addition, in our anal-
ysis, patients 75 years or older also seemed to derive similar clinical
benefit from nivolumab treatment. In contrast, patients with an ECOG-
PS ≥2 had a significant lower ORR and significant shorter PFS and OS
compared to patients with an ECOG-PS 0–1.

The effectiveness of nivolumab in patients 70 years or older with ad-
vanced NSCLC was previously reported in other studies, although re-
sults were mixed for those patients older than 75 years. In the two
phase III studies (CheckMate 057 and CheckMate 017), 34% and 33%
of the trial population was aged 65–75 years and 7 and 10% was older
than 75 years [3,4]. In both trials, nivolumab resulted in a significant re-
duction of the risk of death compared to docetaxel in the 65–75 years
group (HR 0.63 and 0.51 respectively), but not in the patients older
than 75 years (HR 0.90 and 1.76 respectively) [11]. However, patients
in these trials were extremely fit with an ECOG 0–1 and no comorbidi-
ties according to the inclusion and exclusion criteria. In addition, the
number of patients older than 75 years is very small. Other studies,
such as the community-basedNorth-American phase 3b/4 study Check-
Mate 153 [12] and the European phase 2 study CheckMate 171 [13], re-
ported similar OS rates between the younger (b70 years) and the older
(≥ 70 years) patients. Real-life data, such as our own retrospective anal-
ysis, may help to increase the knowledge of ICIs effectiveness in older
patients with NSCLC. In different retrospective studies [14–19], older
and younger patients had similar effectiveness, although the results in
the ‘oldest old’ remain rather conflicting. Lichtenstein et al. reported
similar median PFS but significant lower median OS in patients
80 years or older (OS 3.6 months versus 12.9 months in patients age
70–79 years, 14.6 months in patients aged 60–69 years and 13 months
in patients younger than 60 years; p= 0.011) [19]. Multivariate Cox re-
gression, adjusted for baseline characteristics such as ECOG-PS and co-
morbidity, demonstrated in this study that patients age 80 years or
older had a significant higher hazard for death compared with younger
patients (HR 2.74; p = 0.002) [19]. Although the number of patients
older than 80was low (n=28), thismay indicate that other parameters
such as functional status and cognition may play a role in survival.
[20,21]. In our cohort, patients older than 75 derived similar benefits
than younger patients, but because of the small numberwe did not per-
form the analysis in patients older than 80 years.

The results of data in patients with a poor performance status (ECOG
≥2) seem quite consistent. The phase 2 CheckMate 171 trial reported a
lower median OS for patients with an ECOG-PS 2 (5.4 months versus
9.9 months for the total population) [13]. Different retrospective analy-
sis, including ours, confirmed these results with significant lower
Please cite this article as: S. Joris, T. Pieters, A. Sibille, et al., Real life safety an
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median PFS and OS for patients with an ECOG ≥2 [16–18] compared to
patients with an ECOG 0–1. However, toxicity seems similar for patients
with an ECOG ≥2 and a small number of durable responses have been
described in these patients. As patients with an ECOG-PS ≥2 represent
a heterogeneous group with regards to tumor burden, comorbidities,
functional status, etc., it is imperative to identify those factors associated
with the highest probability of demonstrating durable response
and survival.

With regards to safety, our analysis did not demonstrate a significant
difference for all grades AEs or grade 3/4 AEs between younger and
older patients, even in the subgroupolder than 75years.Wedid observe
a small but significant higher all grade AEs in the patients with a good
ECOG-PS compared to ECOG-PS ≥2, which may be explained by the
longer treatment duration in this group of patients. Most other retro-
spective analysis did not report significant difference in AEs or
immune-related AEs between different age groups [12,13,15,18–22].
However, a large French study with various cancer types receiving
PD-(L)1 inhibitors demonstrated a higher incidence of grade ≥ 2
immune-related AEs in older patients (≥70 years) compared to younger
patients (33% versus 25%; p = 0,035) [23]. In particular, skin toxicity
and hepatitis were more common in older patients. Muchnik et al.
also observed a higher incidence of colitis in patients age 80 or older
(24% versus 5% in the younger population, p= 0.04), but the total num-
ber of patients older than 80was very low (n=17) [18]. In our analysis,
there was no difference in the incidence of immune related colitis be-
tween the younger and the older population. Diarrhea was infrequent
(8% of the total population) and slightly more frequent in the younger
population. Three cases of high-grade diarrhea (grade 3) all appeared
in the older subpopulation.

Although immune-related AEs are generally manageable, they may
be more challenging in older patients because of a reduced functional
reserve and age-associated comorbidities [24]. However, in all of the
studies, there was no difference in corticosteroid use between the dif-
ferent age groups [18,23]. Further research is needed to investigate
the AEs of ICIs in older patients as well as their impact on quality of
life and functional status.

Our study has several limitations. First, it was a retrospective analy-
sis and therefore subject to potential selection bias. In addition, we
approached only high-volume hospitals for the study, which may have
an influence on toxicity management. Second, all patients included in
the CUP program had to be pretreated with platinum-doublet chemo-
therapy before entry. This may have excluded the more ‘frail’ patients,
explaining why the sample size of older patients is still relatively
small. In addition, we do not have data on geriatric assessment domains
such as functional status and cognition in these patients. Welaya et al.
demonstrated that older adults with cancer treated with ICI had a
d effectiveness of nivolumab in older patientswith non-small cell lung
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high prevalence of impairments in geriatric assessment domains and
that impairments in instrumental activities of daily living were associ-
ated with shorter treatment duration [25]. Finally, we lack data on PD-
L1 expression and tumor mutational burden due to the study period
(2015–2016), which may influence treatment effectiveness. In the fu-
ture, such biomarker data may help to refine the understanding of out-
comes in response to ICIs based on age.

In conclusion, as the use of ICIs in NSCLC increases and as the NSCLC
population ages, it is imperative to understand the risks and benefits of
these novel agents and their future combinations in older patients and
in patients with a poor ECOG-PS. Our study indicates that effectiveness
and safety of single agent nivolumab are similar between different age
groups but that clinical effectivenessmay be driven by performance sta-
tus. Prospective trials in older patients with NSCLC including geriatric
assessment parameters are warranted in order to gain further under-
standing of ICIs in populations representative of those seen in routine
clinical practice.
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