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ABSTRACT

Background Nivolumab was the first immuno-oncology agent available for the treatment of lung cancer in Canada. 
In the present study, we evaluated the real-world benefit of nivolumab in Canadian patients with lung cancer.

Methods Patients included in the cohort were identified from a registry of patients treated through expanded 
access to nivolumab before and after Health Canada approval. Demographics were collected from the application 
forms. Outcome data for the duration of treatment and survival were collected retrospectively.

Results In contrast to the randomized clinical trial populations, our study cohort included patients who were older 
(median age: 66 years; range: 36–92 years) and who had an Eastern Cooperative Oncology Group performance status 
of 2 (8.9%). Despite the poorer-prognosis cohort, median overall survival was 12.0 months, which is comparable to 
the survival demonstrated in the randomized phase iii trials of nivolumab in lung cancer. Median time to treatment 
discontinuation was 3.45 months and was similar for all patient subgroups, including poorer-prognosis groups such 
as those with a performance status of 2, those 75 years of age and older, and those with brain metastases.

Conclusions Nivolumab given in a real-world clinical setting was associated with results similar to those reported 
in the phase iii clinical trial setting.
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INTRODUCTION

Worldwide, lung cancer is the most common cause of 
death from cancer among both men and women1. Each 
year, more people die of lung cancer than of colon, breast, 
and prostate cancers combined2,3. In Canada, as in the rest 
of the world, the mortality rate for lung cancer patients 
is the highest of all cancers; more than 20,000 people die 
each year2. Despite offering only modest improvements 
in survival since the end of the 1990s, chemotherapy has 
remained the initial standard-of-care therapy in patients 
with advanced non-small-cell lung cancer (nsclc) whose 
tumours do not harbour mutations sensitive to targeted 
therapies4. Recently, significant progress has been seen 
with the introduction of immuno-oncology agents2. Two 
anti–PD-1 agents have received regulatory approval in 
Canada for previously treated advanced or metastatic 

nsclc: nivolumab, approved for all patients regardless of 
PD-L1 status, and pembrolizumab, approved for patients 
whose tumours express PD-L15–7.

Nivolumab is a monoclonal antibody that blocks 
the interaction of the PD-1 protein with its ligands PD-
L1 and PD-L28,9. The binding of PD-L1 and PD-L2 to the 
PD-1 receptor on T cells inhibits the immune response by 
limiting T cell proliferation and cytokine production10. 
This inhibition of PD-1 activation might thus prevent 
PD-1–mediated inhibition of the antitumour immune 
response10. Compared with docetaxel, nivolumab was 
shown, in two pivotal phase iii clinical trials, to be asso-
ciated with significantly longer overall survival (os) and 
a favourable safety profile in patients with metastatic 
squamous and nonsquamous nsclc who experienced 
disease progression during or after platinum-based 
chemotherapy. Median os was 9.2 months compared 
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with 6.0 months in squamous nsclc (CheckMate 017) 
and 12.2 months compared with 9.4 months in nonsqua-
mous nsclc (CheckMate 057)11,12. Data about the clinical 
effectiveness and safety of nivolumab in patients with a 
poor performance status (ps) and those 70 years of age 
and older are more limited, because such patients were 
underrepresented in the foregoing randomized clinical 
trials. Two studies that included those patient groups, 
CheckMate 153 and CheckMate 169, provided evidence 
that nivolumab tolerability is comparable in all patient 
groups and that effectiveness is comparable in all age 
groups, but that patients with an Eastern Cooperative 
Oncology Group (ecog) ps of 2 experience shorter os13,14.

Here, we report the Canadian real-world experience of 
the early use of nivolumab, which was the first immuno- 
oncology agent available to treat nsclc patients in Cana-
da outside of clinical trials. Nivolumab was provided by 
Bristol–Myers Squibb in a compassionate use program 
from May 2015 until Health Canada approval in February 
2016. Post approval, nivolumab was available through a 
patient access program. We describe treatment outcomes, 
including time to treatment discontinuation (ttd) and os, 
for patients who received nivolumab through those two 
programs at 53 institutions across Canada.

METHODS

Patients and Treatment
Patients eligible to receive compassionate nivolumab 
between May 2015 and February 2016 were those with 
advanced or metastatic nsclc who had progressed during 
or after at least 1 line of systemic therapy, including 1 
line of platinum-containing chemotherapy. They were 
required to have an ecog performance status of 0–2 and 
adequate laboratory values. They were excluded if they 
had a history of autoimmune disease, if they required ste-
roids at a dose equivalent to more than 10 mg prednisone 
daily, if they had carcinomatous meningitis or known hiv 
infection. They were also excluded if they had interstitial 
lung disease that was symptomatic or could interfere with 
the detection or management of suspected drug-related 
pulmonary toxicity, or if they did not have a minimum 
life expectancy of 6 weeks. Patients with brain meta- 
stases were eligible if treated and stable for at least 2 
weeks. Patients enrolled in the patient access program af-
ter marketing authorization (February 2016) were eligible 
per the Health Canada indication for metastatic nsclc5. 
Nivolumab was administered at the approved dose of 
3 mg/kg every 2 weeks.

Data Management
Baseline characteristics were collected from drug request 
forms completed by the treating physician. Treatment 
outcome data (start and end date of treatment and date 
of death, if applicable) were collected retrospectively by 
chart review led by participating physicians. Data were 
anonymized for all statistical analyses. The research was 
reviewed and approved by the research ethics boards at 
the institutions where the data were collected, and subjects 
gave informed consent to the work, as applicable. No safety 
data were collected as part of this study.

Statistics
Survival was calculated as the time from initiation of 
nivolumab until death from any cause or last follow-up per 
patient chart review. The ttd was calculated as the time 
from initiation of nivolumab to the last dose administered. 
Survival data were censored when patients had not expe-
rienced an event at the predefined cut-off date of 15 May 
2017 or when the date of death was unknown (patient lost 
to follow-up). The os and ttd were plotted in Kaplan– 
Meier curves and compared between subgroups by 
log-rank test15. Hazard ratios (hrs) and corresponding 
confidence intervals (cis) were estimated in multivariate 
analyses using Cox proportional hazards models16. A 
Grambsch–Therneau correlation test was used to assess 
the validity of the proportional hazards assumption17. The 
statistical analysis was generated using the R statistical 
software package (The R Foundation, Vienna, Austria).

RESULTS

Patients and Treatment
From a total cohort of 886 patients, 94 patients were 
excluded from all analyses because they did not start 
nivolumab therapy. A further 320 patients were excluded 
because treatment start and end dates were undetermined 
(n = 281) or patient charts could not be located with the 
patient identifier used (n = 39, Figure 1). All analyses were 
performed based on the final eligible cohort of 472 patients, 
which represents patients from most Canadian provinc-
es, including Quebec (n = 176), Ontario (n = 143), British  
Columbia (n = 52), Alberta (n = 31), Saskatchewan (n = 34), 

FIGURE 1 Flow diagram of the study population. OS = overall survival; 
TTD = time to treatment discontinuation.
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New Brunswick (n = 24), Manitoba (n = 9), Prince Edward 
Island (n = 2), and Nova Scotia (n = 1). Most patients (94%) 
received compassionate nivolumab; the remaining 6% 
received nivolumab through the patient access program 
after marketing authorization. Median follow-up for os 
was 9.3 months (95% ci: 7.52 months to 11.0 months; range: 
0.03–24.5 months).

Complete descriptive statistics for patient and dis-
ease characteristics were obtained for the initial eligible 
cohort who received nivolumab (n = 792) and for the final 
eligible cohort. All baseline characteristics were balanced 
between the cohorts (Table i). In the final eligible cohort, 
patients had a median age of 66 years, with 42% of the 
patients being between 65 and 75 years of age, and 13% 
being 75 years or age and older. Most patients were current 
or former smokers; 9% had an ecog ps of 2; 13% had central 
nervous system (cns) metastases; and 27% and 73% had 
squamous and nonsquamous nsclc respectively. EGFR 
mutations were identified in 5% of the cohort; a confirmed 
ALK translocation was present in fewer than 1%. Because 
the provision of smoking status or tumour mutation status 
was not mandatory to receive compassionate nivolumab, 
a high proportion of the patients had unknown values in 
those fields. Patients with unknown values were excluded 
from the relevant subgroup analyses. In terms of prior 
therapy, most patients had received 1 or 2 prior lines of 
therapy; 26% of patients had received 3 or more lines of 
therapy (Table i). No information about PD-L1 status was 
available for this patient cohort, because a positive PD-L1 
test was not required to access nivolumab.

OS
The median os was 12.0 months [95% ci: 11.0 months to 
13.9 months; Figure 2(A)]. The os rate at 6 and 12 months 
was 67% and 50% respectively. At the cut-off date of 15 May 
2017, 179 patients (38%) were still alive.

TTD
The median ttd was 3.5 months [95% ci: 3.2 months to 4.0 
months; Figure 2(B)], with 35% of patients remaining on 
treatment at 6 months, and 20%, at 12 months. At the time of 
data cut-off, 76 patients (16%) were continuing treatment.

Subgroup Analyses
No statistically significant differences in os or ttd were 
observed in subgroups defined by age, smoking status, 
tumour histology, or line of therapy (Figures 3 and 4). Com-
pared with patients having an ecog ps of 0–1, those with 
an ecog ps of 2 experienced significantly shorter median 
os [6.8 months (95% ci: 4.2 months to 13.9 months) vs. 12.9 
months (95% ci: 11.2 months to 15.5 months)], with a hr of 
1.64 (95% ci: 1.11 to 2.43), p = 0.01 [Figure 3(D)]; however, 
ttd was not significantly different between the subgroups 
defined by ps [Figure 4(D)]. Compared with patients having 
no cns metastases, those with cns metastases experienced 
significantly shorter os, but not ttd [9.0 months (95% ci: 
5.5 months to 13.3 months) vs. 13.1 months (95% ci: 11.5 
months to 17.1 months); hr: 1.57; 95% ci: 1.13 to 2.17; p = 
0.007; Figure 3(E)]. The third subgroup in which outcomes 
were significantly worse was the group of 25 patients 
whose tumours had a confirmed EGFR mutation. In those 

patients, median os and median ttd were 3.4 months (95% 
ci: 2.9 months to unavailablea) and 1.9 months (95% ci: 1.1 
months to 3.0 months) compared with 13.4 months (95% 
ci: 11.2 months to 17.8 months) and 3.5 months (95% ci: 3.0 
months to 4.7 months) in patients with confirmed absence 
of an EGFR mutation. The hr for os was 2.3 (95% ci: 1.4 to 
3.94), p = 0.003, and the hr for ttd was 1.8 (95% ci: 1.2 to 
2.8), p = 0.009 [Figures 3(E) and 4(E)].

Descriptive statistics for the 76 patients who were 
continuing treatment at the time of data cut-off (median 
duration of treatment: 16.8 months; range: 2.4–21 months) 
showed that 56 patients (74%) had nonsquamous histol-
ogy; 2 (3%) had a confirmed EGFR mutation; 8 (11%) had 
cns metastases; and 5 (7%) had an ecog ps of 2. In 25 of 
those patients (33%), nivolumab was given as second-line 
therapy; in 31 (41%), as third-line therapy; in 13 (17%), as 
fourth-line therapy; and in 7 (9%), as fifth-line therapy 
or beyond.

DISCUSSION

Real-world evidence of the effectiveness of newly approved 
and funded therapies is being increasingly requested by 
funding bodies in countries with publicly funded health 
care systems. Clinical trials have strict eligibility criteria 
for participation. After regulatory approval, broader use of 
new agents outside the clinical trial eligibility criteria is in-
evitable, especially when the new agent demonstrates less 
toxicity than the standard of care. Patients with a poorer 
performance status or other comorbidities that would have 
precluded clinical trial participation are treated. Feedback 
about the effectiveness of the agent in such real-world 
scenarios is not often formally collected.

The present study was conducted in an effort to as-
sess the real-world effectiveness of nivolumab in Canada. 
Patients included in the study represented all provinces 
except for Newfoundland and Labrador and the territories. 
Submission of data for this project by treating physicians 
at the various sites was voluntary, and as a result, we do 
not have outcomes data for the full cohort. In an effort to 
assess for ascertainment bias between the initial and final 
analyzed cohort, we compared the required demographic 
data for the full cohort and for the cohort analyzed for 
os and ttd (Table i). The demographic characteristics of 
the final analyzed cohort and the initial cohort showed 
no clinically significant differences. We also compared 
the demographic characteristics of our cohort with the 
demographics of the participating patients in the phase iii 
clinical trials of nivolumab that were conducted in the 
platinum-refractory setting11,12. Although no formal sta-
tistical comparisons were made, our cohort was older: 55% 
of the patients were more than 65 years of age, compared 
with 38% in the clinical trials. In our cohort, 9% of the 
patients had an ecog ps of 2, an exclusion criterion in 
the clinical trials. Our cohort also included patients who 
had received multiple prior lines of therapy. The Check-
Mate 057 trial allowed use of an egfr inhibitor in addition 

a  Because of the sample size, power was insufficient to detect the 
upper confidence limit.
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TABLE I Population characteristics

Characteristic Present study cohort CheckMate studies (nivolumab arm)

Eligiblea Initial 01712 05711

Patients (n) 472 792 135 292

Age (years)

Median 66.0 66.0 62 61

Range 36–92 33–92 39–85 37–84

Age category [n (%)]

<65 Years 213 (45.1) 363 (45.8) 79 (59) 184 (63)

65–75 Years 199 (42.2) 336 (42.4) 45 (33) 88 (30)

>75 Years 60 (12.7) 93 (11.7) 11 (8) 20 (7)

Sex [n (%)]

Men 203 (43.0) 354 (44.7) 111 (82) 151 (52)

Women 214 (45.3) 350 (44.2) 24 (18) 141 (48)

Not reported 55 (11.7) 88 (11.1)

Histology [n (%)]

Non-squamous 345 (73.1) 576 (72.7) (0) (100)

Squamous 124 (26.3) 206 (26.0) (100) (0)

Others 3 (0.6) 8 (8)

Unknown 2 (0.3)

Known driver mutations [n (%)]b

EGFR-positive 25 (6.9) 45 (7.9) 44 (15)

EGFR-negative 229 (63.6) 355 (62.3) 168 (58)

EGFR unknown 106 (29.4) 170 (29.8) 80 (27)

ALK-positive 4 (1.1) 5 (0.8) 13 (4)

ALK-negative 231 (64.3) 374 (63.9) 113 (39)

ALK unknown 124 (34.5) 206 (35.2) 166 (57)

CNS metastases [n (%)]

Present 62 (13.1) 117 (14.8) 9 (7) 34 (12)

Absent 384 (81.4) 624 (78.8) 126 (93) 258 (88)

Not reported 26 (5.5) 51 (6.4)

ECOG PS [n (%)]

0 or 1 404 (85.6) 661 (83.5) 133 292 (100)

≥2 42 (8.9) 80 (10.1) 0

Not reported 26 (5.5) 51 (6.4) 2 (1)

Smoking status [n (%)]

Never 32 (6.8) 55 (7.0) 10 (7) 58 (20)

Former 213 (45.1) 328 (41.4) 121 (90) 231 (79)

Current 41 (8.7) 53 (6.7)

Unknown 186 (39.4) 356 (45) 4 (3) 3 (1)

Line of therapy [n (%)]

2 209 (44.3) 332 (42) 135 (100) 256 (88)

3 138 (29.2) 232 (29.3) 35 (12)

4 77 (16.3) 150 (19.0)

≥5 48 (10.2) 78 (9.9)

Response to last therapy (before nivolumab) [n (%)]

Progressive disease 199 (42.2) 334 (42.2) 44 (33) 111 (38)

Stable disease 89 (18.9) 136 (17.2) 33 (24) 103 (35)

Response 101 (21.4) 153 (19.3) 48 (36) 73 (25)

Unknown 83 (17.6) 169 (21.3) 10 (7) 5 (2)

a The eligible cohort of patients for the purposes of the present analysis.
b Excluding squamous cell carcinoma (not tested).
CNS = central nervous system; ECOG PS = Eastern Cooperative Oncology Group performance status.
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to a prior platinum doublet in patients with a known EGFR 
sensitizing mutation, and such patients constituted 10% of 
the combined CheckMate 017 and 057 trial participants. 
Excluding from our cohort the patients with EGFR and 
ALK mutations, all of whom received nivolumab in the 
third-line setting or beyond, 54% of our patients received 
nivolumab in the third line or beyond.

Despite an overall poorer ps, our cohort experienced 
a median os of 12.0 months [Figure 2(A)]. That result is 
comparable to the median survivals seen in the cohorts 
of the CheckMate 017 and 057 clinical trials, where the 
median os for the overall populations, including all pa-
tients regardless of PD-L1 status, was 9.2 months and 12.2 
months respectively11,12. We lack a long-enough duration 
of follow-up to comment on the tail of the os curve in our 
real-world cohort, but the observed 1-year os of 50% is 
comparable to the 42% in CheckMate 017 and the 51% re-
ported in CheckMate 057. Other groups have reported their 
real-world evidence of nivolumab benefit, showing results 
similar to those in our Canadian cohort18–24.

Our study did not have access to imaging to estimate 
progression-free survival (pfs). As an alternative, we 
therefore analyzed ttd as a measure of benefit duration, 
with the caveat that no distinction can be made between 
patients who discontinued treatment because of toxicity 
or because of disease progression. Notably, a combined 
analysis of several trials presented at the 2018 American 
Society of Clinical Oncology annual meeting suggests a 
high correlation (0.85) between ttd and pfs in patients 

(n = 2028) treated with immune checkpoint inhibitors, 
suggesting that ttd might be an appropriate pragmatic 
endpoint to use in real-world evidence studies25. The me-
dian ttd was 3.45 months [Figure 2(B)], which is similar to 
the reported pfs in the CheckMate 017 study (3.5 months)12 
and superior to the reported pfs in the CheckMate 057 
study (2.3 months)11. In each of the phase iii studies, 
treatment beyond progression was allowed and was re-
ported in up to 25% of patients. That additional treatment 
duration could not be captured in the pfs statistic, but is 
presumably included in our ttd analysis.

We reviewed our cohort by demographic subtype 
(Figure 3). Review of os by age strata did not identify any 
significant differences with advancing age [Figure 3(A)]. 
No difference in os was seen between patients with squa-
mous and nonsquamous nsclc [Figure 3(B)]. Regardless 
of treatment, patients with squamous histology generally 
experience poorer os, as can be seen in comparing the 
CheckMate 017 and 057 studies11,12.

Our review of demographic characteristics in the 
present study noted that patients with squamous cell can-
cer were more likely to receive nivolumab as second-line 
therapy, which contrasts with the treatment history of pa-
tients with nonsquamous tumours, who were more heavily 
pretreated at the time of nivolumab initiation (Table ii). 
That difference might explain the better-than-expected 
performance of patients with squamous nsclc in our 
cohort. Review of os by line of therapy showed a similar 
benefit in all groups [Figure 3(C)]. The outcome results 
across therapy lines are descriptive only. The trend of 
equal or even increasing os with line of therapy might be 
a result of favourable characteristics and disease process 
in patients who attain later lines of therapy rather than 
differences in the effectiveness of nivolumab across those 
lines. Compared with patients having a performance sta-
tus of 0 or 1, or no brain metastases, those with an ecog 
ps of 2, or with brain metastases, experienced poorer os 
[Figure 3(D,E)]. Those trends likely represent a prognostic 
feature rather than an issue with treatment toxicity, given 
that those groups showed no significant difference in ttd 
[Figure 4(D,E)].

One clear and consistent trend is that, compared 
with patients having wild-type tumours, those with 
EGFR-mutated tumours experienced shorter median os 
and treatment duration [Figures 3(F) and 4(F)]. Lesser 
benefit in the patient population with driver mutations 
also was observed in the CheckMate 057 trial11. It is nota-
ble that patients experiencing durable benefit (beyond 12 
months) can be found in all patient subgroups, including 
those with an ecog ps of 2 [Figure 4(D)], brain metastases 
[Figure 4(E)], and even in select EGFR-mutated tumours 
[Figure 4(F)]. In other subgroups such as age, ps, line of 
therapy, and presence of brain metastases, ttd appeared 
similar, with no statistically significant differences be-
tween the prognostic categories, suggesting tolerability 
of the agent. Cytotoxic chemotherapy has historically not 
performed as well in groups with a poorer ps25,26.

Although there is great value and a growing need to 
report real-world clinical outcomes, this type of retrospec-
tive chart review has inherent limitations. First, given that 
data submission was voluntary, outcomes data were not 

FIGURE 2 (A) Overall survival (OS) and (B) time to treatment discon-
tinuation (TTD) in the overall patient population. The data are based on 
the cut-off date of 15 May 2017. Crosses indicate censored observations. 
Dotted lines indicate the median OS and TTD. CI = confidence interval.
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available for the full cohort, and the data collected were 
limited. Incomplete data also led to censoring much earlier 
in our study than in the nivolumab phase iii clinical trials. 
Additionally, no safety outcomes were available, thus not 
allowing for the real-life safety profile of nivolumab in a 
Canadian population to be compared with clinical trial 
data or other real-world evidence reports.

CONCLUSIONS

In our real-world Canadian lung cancer cohort, nivolumab 
demonstrated efficacy similar to that seen in the published 
randomized phase iii clinical trials, despite including 
patients who were older, who were more heavily pretreat-
ed, and who had a poorer ps. Even in poorer prognostic 

FIGURE 3 Overall survival (OS) in select patient subgroups. Crosses indicate censored observations. Dotted lines indicate the median OS. *Insuf-
ficient power to detect the upper confidence limit because of sample size. CI = confidence interval; HR = hazard ratio; Ref = reference; NA = the 
sample size did not provide power sufficient to detect the upper confidence limit; NSq = nonsquamous; NSCLC = non-small-cell lung cancer; Sq = 
squamous; ECOG PS = Eastern Cooperative Oncology Group performance status; CNS mets = central nervous system metastases; WT = wild-type; 
Mut = mutated.
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groups, the ttd was similar, suggesting good tolerability of 
nivolumab. Compared with patients not having an identi-
fied driver mutation, patients with an EGFR mutation had 
a shorter time on treatment and a worse os. In summary, 
implementation of nivolumab in a real-world setting has 
demonstrated benefit similar to that seen in clinical trials.
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