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Abstract: Lung cancer is a leading cause of cancer related death and more common in older people. Immunotherapy has improved
efficacy compared to chemotherapy in non-small cell lung cancer (NSCLC). We aimed to review existing data on efficacy and adverse
events (AEs) of single agent immunotherapy for NSCLC by age. We reported OS, progression-free survival (PFS) and AEs by age. Suitable
results were meta-analysed using the random effects model. 1803 papers were screened, ten eligible papers identified, seven included
in meta-analyses. Included individual papers did not demonstrate a difference in OS, PFS or AEs. Meta-analyses showed no significant
difference in OS (HR: 1.03, 95% CI 0.92-1.15; p=0.58), PFS (HR 0.96, 95% CI: 0.92-1.01; p=0.15) or AEs (HR:1.01 95% CI:0.83-1.23;
p=0.91) in older vs younger patients. Existing data on differences in efficacy and AEs of immunotherapy by age is largely observational

and points to similar efficacy and adverse events by age.
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Background
Lung cancer and older people

Lung cancer is the most common cause of cancer related deaths in
the UK accounting for around 35,100 of deaths in 2017 [1]. Five-year
survival outcomes are less than 10% having improved from 4.5% in
1971 to 9.6% in 2011[2] meanwhile over the same duration five-year
survival in bowel cancer has increased from 24.4% to 58.7% [3]. Age
is a significant risk factor for developing lung cancer. This is related
to increased time for oncogenic genetic mutations to occur and
for increased exposure to carcinogenic substances such as tobacco
smoking [4]. Between 2015-2017 in the UK 44% of new cases occurred
in people aged 75 years or above [5].

Survival outcomes for older patients with lung cancer are poorer
than younger patients. Five year survival rates in the UK for women
aged 50-59 are 18.7% and for those aged 60-69 are 17.2% compared
to 13.2% for women aged 70-79 and for women aged 80-99 years are
7.4% [2]. Mortality rates from lung cancer for men aged 80 and above

have remained stable [6] with mortality rates decreasing for younger
age groups since the 1970s.

Programmed death-1 pathway and immunotherapy

The programmed death membrane receptor was identified by Ishida
et al. [7]. Its role in immune activity was investigated and mice
genetically modified to not express this receptor demonstrated higher
immune activity and higher rates of auto-immune disease [8,9]. The
programmed death receptor was shown to have a role in immune
tolerance. Expression of the programmed death receptor on non-
small cell lung cancer cells and its role in down-regulation of immune
response was demonstrated [10].

The programmed death pathway was developed as a treatment target
in non-small cell lung cancer. Three agents targeted at this pathway are
currently used in the UK. Pembrolizumab has been demonstrated to
be more effective than chemotherapy as first line treatment for patients
with programmed death ligand-1 expression on >50% of tumour cells
[11,12]. Nivolumab and Atezolizumab were demonstrated to improve
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outcomes compared to second-line chemotherapy for patients with
pre-treated advanced or metastatic non-small lung cancer [12,13].
These agents are immune checkpoint inhibitors. Their anti-cancer
effect is brought about through increased anti-tumour immune
activity due blocking of the programmed death pathway.

Due to the increased immune activity these agents induce their
side-effect profile is different from conventional chemotherapies. By
upregulating immune activity, they can lead to auto-immune events
against healthy tissues in the body [14], common side effects include,
pneumonitis, colitis, thyroid dysfunction, fatigue and hypophysitis.

Immunotherapy in older patients

Doubt exists over the efficacy of these agents in older people due to
their mechanisms of action. As part of ageing changes occur in the
immune system that result in reduced in immune activity, a process
known as immunosenescence [15].

Older people are more likely to have a higher burden of co-morbidities
and reduced level of physiological reserve. This could give a different
tolerability of these agents in this group and different side effect
profile. In addition, there is a lack of understanding surrounding how
immunosenescence may impact on immune related side effects.

The rates of older people included in key trials for these agents are
lower than the rates treated with these agents in clinical practise [16].
This under-representation in trials means the evidence base for these
agents in older people is less robust. A review into efficacy of anti-
programmed death 1 and anti-programmed death ligand-1 inhibitors
in solid tumours found these agents to have similar efficacy in older
and younger patients [17], however they did not evaluate differences
in side effect rates.

Zhang et al. [18] carried out a systematic review of the differences
in overall survival by age in people with lung cancer treated with
immunotherapy. They included data from randomised control trials
only and did not evaluate progression-free survival or differences
in adverse events. Also, patients treated with combinations of
immunotherapy with other immunotherapies or chemotherapy
regimens were included. This review found no significant difference
in the overall survival for older people compared to younger people.

Rationale and aims for review

Older patients make up a large proportion of patients diagnosed with
non-small cell lung cancer each year and disease specific survival
outcomes in this group of patients are poorer than in younger people.

Novel treatments including immunotherapies targeted at programmed
death pathways have been demonstrated to be more effective than
conventional treatments. These treatments have different side-
effect profiles and mechanisms of action compared to standard
chemotherapy. The number of older people represented in trials is
less than the number of older people that have been treated in clinical
practice. The underrepresentation of older people in key trials means
the evidence base for survival and adverse event rates of these agents
in older people is weaker.

The systematic review by Zhang et al. [18] identified similar outcomes
in overall survival in older and younger patients, however this review
included patients with small cell lung cancer and did not evaluate
adverse events. We therefore aimed to undertake an updated review
with more specific investigation into the non-small cell lung cancer
population who received single agent immunotherapy. We also
included a review of the side-effect profile of these agents by age.

Our aim was to systematically review data on differences in efficacy
and side-effects by age in patients receiving programmed death
pathway targeted immunotherapy for advanced or metastatic non-
small cell lung cancer.
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Methods
Search strategy

We devised a review protocol which was prospectively registered with
Prospero and given a unique reference number (CRD42020181990)
[19]. No external funding was received. We performed a search of
Medline, EMBASE and Web of Science databases from inception to 10™
April 2021. The population, intervention, control, outcome, setting,
and study design criteria were used to find papers relevant to answer
our review aims. Eligible papers included patients with advanced
or metastatic non-small cell lung cancer who had been treated with
pembrolizumab, atezolizumab or nivolumab as a single agent. These
agents could have been received by patients in control or experimental
groups. Control group treatment was not relevant as outcomes of
interest were the differences in overall survival, progression free
survival and adverse events between older and younger participants.
The final search terms were selected as displayed in Supplementary
Appendix A, to cover the areas above with relevant map to subject
heading terms included.

Eligibility

The results from the database searches were pooled and duplications
identified using the reference management software Mendeley. After
removal of duplications, a final list of titles was produced. This list was
independently reviewed by two reviewers (M.B. and P.G.) based on
title and abstract initially, suitable papers were then included for full
text review. Papers needed to meet the following criteria, (i) included
results of patients with non-small cell lung cancer (ii) participants with
non-small cell lung cancer received atezolizumab, or pembrolizumab
or nivolumab as single agent and not in combinations (iii) outcomes
for overall survival and adverse events/side effects were reported for
an older and a younger age group (iv) studies were a randomized
control trial or cohort design, either prospective or retrospective (v)
studies were published in English. We did not place any restriction
on location of study. References of included studies at full text review
were reviewed for identification of other papers relevant to our aim.

Assessment for methodological bias

We performed an assessment of quality and bias for each included
study. We assessed for risk of bias regarding our outcomes. The context
of our assessment was for how rigorous each papers method was for
detecting a difference in overall survival, progression free survival and
rates of adverse events between the younger and older populations
reported. We used the Cochrane risk of bias 2.0 tool [20] to assess
randomized control trials and the Newcastle-Ottawa scale [21] to
assess cohort studies. When assessing comparability in the Newcastle-
Ottawa scale this was with regards to comparability of the older and
younger groups. Assessment of methodological bias was discussed
jointly by M.B. and P.G. and decision made on consensus.

Data extraction

A pre-designed data collection sheet was produced; this was piloted
by M.B. on the first eligible study by unique study number from
the list generated after duplications removed. A pre-designed data
extraction sheet was used to collect data from each study displayed
in Supplementary Appendix B. Data was extracted on the study
characteristics including lead author, year of publication, number
of participants, study design, immunotherapy delivered, and the
age ranges included for subgroup analysis of outcomes. Data on the
populations including median ages when present were collected.
For overall and progression free survival outcomes we collected the
median and the corresponding 95% confidence intervals. Alternatively,
the hazard ratio for the older group compared to the younger group
with its 95% confidence interval was recorded. Where present p-values
were collected. Where median survival data was collected this was
used to calculate a hazard ratio and confidence interval for older
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versus younger groups. The natural logarithm of the median survival
and the number of events observed was used to calculate this [22].

For adverse event/side effects, data was collected for the total number
of events for the younger and older populations. Where possible data
was collected for the total number of all grade events, grade one and
two events and grade three or above events.

Data Analysis

Descriptive statistics from each included study are reported as well as a
narrative description of their finding. Results from the methodological
bias assessments were analysed and presented.

A meta-analysis of overall survival, progression-free survival and
adverse event rates was performed using the software Review Manager
(RevMan) 5.3. The random effects model was used due to the variety
of study populations and interventions. Hazard ratios between older
and younger populations were displayed with their 95% confidence
intervals in a forest plot. Heterogeneity was assessed using the forest
plot and an I? value of >50% was used as a cut off of as this infers
moderate heterogeneity [23]. Successive removal of included studies
and repeat analysis was performed as a sensitivity analysis. A funnel
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plot was produced from this analysis to assess for publication bias.

Where efficacy data was present for multiple age subgroups a pooled
hazard ratio was produced using a fixed effect model meta-analysis
for an older population compared to younger population. A subgroup
analysis was performed for the hazard ratios of, all grade, grade one
and two and grade three or above events where subgroup data was
available.

Results
Studies included

Searches of the three databases produced 2209 results in total. After
removal of duplications using Mendeley software, 1803 papers
remained. Screening of titles and abstracts identified 124 papers full
for text review. Reasons for exclusion included being case reports/
series, not reporting outcomes for non-small cell lung cancer,
immunotherapies not given or given in combination with other
agents, study focus for a site-specific side effect, laboratory studies and
abstracts only. This review was completed in line with the preferred
reporting in systematic reviews and meta-analysis (PRISMA)
statement [24], a flowchart of the assessment of papers for eligibility
was produced see Figure 1.
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Figure 1: Flowchart of paper retrieved and assessed for eligibility.
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Full text review of remaining papers produced 33 papers that reported
overall survival data for a younger and an older subpopulation. Of these
10 were identified that reported overall survival and adverse event data
for a younger and older subpopulation. The following studies were
included, Grossi et al. [25], Dumenil et al. [26], Lichtenstein et al. [27],
Nosaki et al. [28], Muchnik et al. [29], Cortellini et al. [30], Baldini
et al. [31], Bjornhart et al. [32], Joris et al. [33]. Of these included
papers, one was a pooled randomized control trial analysis, three were
prospective cohort studies, and six were retrospective cohort studies.
One study, Muchnik et al. [29] was identified that had a minimum age
threshold of 70 years and age subgrouping was at age 80 years.

Included study characteristics

The total number of patients from all included studies was 6785.
Comparison for older and younger outcomes was divided at different
ages, five studies divided outcomes at age 70 years, one study divided
outcomes at age 65 years, one study divided outcomes at age 75
years and one study divided outcomes at age 80 years. Two studies
divided outcomes at multiple age points. Study characteristics are
demonstrated in Table 1.

Quality assessment

Cohortstudies: Nine cohort studies were identified; these were assessed
using the Newcastle-Ottawa Scale for cohort studies [21]. Studies
were assessed to establish the quality of the evidence for differences
in overall and progression-free survival and adverse event differences
in older and younger populations. Of the nine cohort studies seven
were assessed to be poor and two were assessed to be good quality, full
results of the assessment are presented in Supplementary Appendix C.
Assessment of comparability was performed with reference to whether
risk in older and younger groups could be compared. Seven studies
did not make an adjustment for other baseline characteristic in their
comparison of outcomes between older and younger patients and so
received no stars for this section. Two studies included a multi-variate
analysis of outcomes between older and younger patients.

Randomised control trial: One paper that reported results from three
pooled randomised control trials was assessed using the Cochrane
risk of bias assessment tool [20]. The paper was overall assessed to
be low risk of bias. The full results of this assessment are displayed in
Supplementary Appendix D.

Table 1: Included study characteristics - Study characteristics of included studies as extracted from published materials for each paper.

Study Study Design Age groups (n)

Immunotherapy given Median age Median follow up

Overall
(1588)

270yrs
(522)

Prospective cohort-

Grossi et al. [25] Non-squamous only

275yrs
(232)

66yrs

Nivolumab 8.1 months

74yrs

77yrs

Dumenil et al. [26] Prospective cohort

(n=39 vs 28)

<70yrs vs 2 70yrs:

Nivolumab - -

<65yrs
(n=126)
65-<75yrs
(n=175)

Prospective cohort -

Grossi et al. [34] squamous only

68yrs

Nivolumab 7.5 months

70yrs

>75yrs
(77)

77yrs

<75yrs
(1323)

62yrs 12.9 months

Nosaki et al. [28] Pooled RCTs

>75yrs
(149)

Pembrolizumab

77yrs 11.7 months

<60yrs
(n=64)

60-69yrs

Lichtenstein et al. (n=77)

Anti-PD-1 or anti-PD-L,

Retrospective cohort

[27] 70-79yrs

(n=76)

agents

> 80yrs
(n=28)

Muchnik et al. [29] Retrospective cohort

(n=58vs 17)

>/70-<80yrs vs 280yrs:

Anti-PD-1 or anti-PD-L1
agents

270 vs <70:

Cortellini et al. [30] (n=259 vs 300)
n= Vs

Retrospective cohort

Pembrolizumab or

Nivolumab 11.2months

69yrs

270 vs <70:

Baldini et al. [31] (1278 vs 681)

Prospective cohort

Nivolumab 66yrs 16.4 months

>/65 vs <65:

Bjgrnhart et al. [32] (n= 59 vs 59)*

Prospective cohort

Nivolumab or

pembrolizumab 15.7 months

66yrs

270:
(n=216)

60yrs

Joris etal. [33] 2019 Retrospective cohort

270:
(n=108)

Nivolumab -
74yrs

*Subgroup populations for Bjgrnhart et al 2019 were not given so were estimated from calculations of percentages in graphs.
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Papers excluded from meta-analyses

Of the 10 papers included three were excluded from meta-analyses.
Their results are discussed and presented in Table 2. Grossi et al.
[34] and Grossi et al. [25] were not included as their results were for
squamous and non-squamous populations only and updated results
for these participants are included in Baldini et al. [31]. Their results

Table 2: Outcome data as extracted from papers - data for overall survival, progression-free survival and side effects as presented in published
materials for each included paper. Figures are presented for each age group as reported or with the hazard ratio for comparison where age difference
was reported by this method. HR - hazard ratio, irAE - immune-related adverse event, trAE - treatment related adverse events, AE - adverse events

non-specified.

33

have been displayed in the table for reference to sub population

Overall survival

Progression-free

Adjusted: 0.83
(0.43-1.63) p=0.59

Study Age (95% confidence survival (95% Side effects younger Side effects older
groups . ]
interval) Confidence Interval)
Overall: 11.3 months (10.2- 3.0 months (2.9-3.1 trAE: All grades: 351/1066
’ 12.4 months) months) Grade 3-4: 68/1066
Grossi et al. [25] (Non- 270. 11.5months 4.0 months (3.6-4.4 All grades: 172/522
squamous) = (10.0-13.0 months) months) Grade 3-4: 34/522
75 12.0 months 4.2 months (3.0-5.4 All grades: 79/232
B (9.2-14.8 months) months) Grade 3-4: 16/232
HR: 0.22
Dumenil et al. [26] <70vsz (0.81-2.59)* HR:1.01 (0.98-1.05) trAE: Grade 3+: 16/39 Grade 3+:12/28
70: p=0.539 P=0.881
p=0.215
8.6 months 4.0 months (2.3-5.7 trAE: All grades: 40/126
<65 (5.2-11.9 months) months) Grades 1-2: 36/126
’ ' Grades 3+:4/126
Grossi et al. [34] 8.0 months 4.5 months (3.5-5.5 trAE: All grades: 49/175
: 65-<75 (5.6-10.4 months) months) Grades 1-2:34/175
(Squamous) T Grades 3+: 15/175
5.8 months 3.2 months (1.1-5.3 trAE: All grades: 20/70
=75 Grades 1-2:18/70
(3.5-8.1 months) months) Grade 3+: 2/70
TPS 2 1%: 14.6 trAE: All grades: 862/1323
months (13.1-16.6 grade 1-2: 638/1323
months)
<75 Hazard rate: 0.047 grade 3+: 224/1323
TPS 250%: 19.2 .
months (16.4-22.4 irAE: all grades: 331/1323
months) grade 1-2: 237/1323
Hazard rate: 0.036 grade 3+:94/1323
Nosaki et al. [28] azardrate: 9.
TPS 21%: 15.7 trAE: all grades: 102/149
months (10.7-20.2 grade 1-2: 66/149
months) grade 3+:36/149
>/=75 Hazard rate: 0.044 -
TPS 2 50%: 23.1 irAE: all grades: 37/149
(11.9-NR months) grade 1-2: 23/149
Hazard rate: 0.030 grade 3: 14/149
<60 reference Reference irAE: All grades: 28/64
60-69 0.758 (0.461-1.246) 0.768 (0.520-1.133) irAE: All grades: 29/77
Lichtenstein et al. [27]
70-79 0.927 (0.568-1.513) 0.599 (0.397-0.905) irAE: All grades: 35/76
>/=80 2.741 (1.429-5.254) 1.618 (0.915-2.862) irAE: All grades: 10/28
Unadjusted: 0.92
>70-<80 (0.48-1.74) p=0.79
Muchnik et al. [29] _vs 80: - irAE: All grades: 29/58 All grades: 8/17
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HR: 1.18

irAE: All grades:

13.1 months)

months)

. 270 vs HR 0.88 137/300 All grades: 94/259
Cortellini etal. [30] <70: (0—9021183;) (0.71-1.09) p=0.2709 (95% Confidence (95% Confidence interval
p=b. interval) 38.3%-53.9% 29.3%-44.4%)
Baldini et al. [31] =70 vs HR: 0.99 HR: 0.93 irAE:
' <70: (0.87-1.12) p=0.84 (0.84-1.04) p=0.19 All grades: 116/681 All grades: 226/1278
. =65 vs HR: 1.60 (0.94-2.71) HR: 0.93 irAE: . o
Bjgrnhart etal. [32] <65: p=0.08 (0.60-1.46) p=0.76 Grade 3+: 19/59 Grade 3+:13/59
8.4 months (6.3- 3.7 months (2.6-4.8 AE: All grades: 120/216
<70: 10.5 months) months) Grade 1-2: 81/216
P=0.638 P=0.483 Grade 3+:39/216 p=0.526
Joris etal. [33]
AE: All grades: 64/108
>70: 9.3 months (5.5- 4.0 months (1.0-7.0 Grade 1-2: 47/108

Grade 3+: 17/108 p=0.603

Hazard rate: 0.030

Stud Age Overall survival (95% Progression-free survival Side effects Side effects older
y groups confidence interval) (95% Confidence Interval) younger
Grossi et al. [25] trAE:
Overall (10121—.132r20r23;15ths) @ g_g Ilnfnnc:r}lltshs) All grades: 351/1066
(Non-squamous) e e Grade 3-4: 68/1066
270: 11.5months 4.0 months All grades: 172/522
o (10.0-13.0 months) (3.6 - 4.4 months) Grade 3-4: 34/522
12.0 months 4.2 months All grades: 79/232
275:
(9.2-14.8 months) (3.0-5.4 months) Grade 3-4:16/232
HR: 0.22 HR: 1.01 trAE:
Dumenil etal 2018 | ~/0VSZ Grade 3+: 12/28
-
70: (0.81-2.59)* p=0.215 (0.98-1.05) p=0.539 Grade 3+: 16/39 ra Pe—O aa1 /
Grossi etal 2018 8.6 months 4.0 months trAE:
<65 All grades: 40/126
(Squamous) (5.2-11.9 months) (2.3-5.7 months) Grades 1-2:36/126
Grades 3+:4/126
8.0 months 4.5 months trAE:
All grades: 49/175
65-<75
(5.6-10.4 months) (3.5-5.5 months) Grades 1-2: 34/175
Grades 3+:15/175
5.8 months 3.2 months trAE:
75 (3.5-8.1 months) (1.1-5.3 months) All grades: 20/70
- Grades 1-2: 18/70
Grade 3+:2/70
TPS 2 1%: 14.6 months )
(13.1-16.6 months) trAE:
Hazard rate: 0.047 All grades: 862/1323
TPS 2 50%: 19.2
months (16.4-22.4 grade 1-2: 638/1323
Nosaki et al 2019 <75 months) -
Hazard rate: 0.036 grade 3+:224/1323
irAE:
all grades: 331/1323
grade 1-2: 237/1323
grade 3+:94/1323
TPS 21%: 15.7 months _
(10.7-20.2 months) trAE:
Hazard rate: 0.044 all grades: 102/149
0/y- B
Trs=od ﬁaﬁf}'lls)(ll'g grade 1-2: 66/149
>/:75 -

grade 3+:36/149

irAE:

all grades: 37/149
grade 1-2: 23/149
grade 3:14/149
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Lichtenstein etal <60 reference Reference rAE:
2019: All grades: 28/64
0.758 0.768 irAE:
60-69
(0.461-1.246) (0.520-1.133) All grades: 29/77
70-79 0.927 0.599 irAE:
i (0.568-1.513) (0.397-0.905) All grades: 35/76
2.741 1.618 irAE:
>/=80
(1.429-5.254) (0.915-2.862) All grades: 10/28
Unadjusted: 0.92 (0.48- -
060 1.74) p=0.79 IrAE:
>70-
Muchnik etal 2019 | =77 =00 -
= Adjusted: 0.83 (0.43- All grades: 29/58 All grades: 8/17
1.63) p=0.59
HR: 1.18 HR 0.88 irAE:
(0.92-1.51) p=0.1823 (0.71-1.09) p=0.2709 All grades: 137/300 | All grades: 94/259
Cortellini et al 2019 270vs <70: (95% Confidence (95% Confidence
interval) 38.3%- interval 29.3%-
53.9% 44.4%)
HR: 0.99 HR: 0.93 irAE:
Baldini et al 2020 | 270 vs <70: 0.87-1.12) p=0.84 0.84-1.04) p=0.19 All grades: 116/681 All grades:
(0.87-1.12) p=0. (0.84-1.04) p=0. grades: 116/ 226/1278
HR: 1.60 HR: 0.93 irAE:
Bj h 1201 > :
jornhartetal 2019 | 265 vs <65 (0.94-2.71) p=0.08 (0.60-1.46) p=0.76 Grade 3+:19/59 | Grade 3+: 13/59%*
8.4 months 3.7 months AE
(6.3-10.5 months) (2.6-4.8 months) All grades: 120/216
Joris etal 2019 <70:
Grade 1-2:81/216
P=0.638 P=0.483
Grade 3+:39/216 p=0.526
9.3 months 4.0 months AE:
=70: (5.5-13.1 months) (1.0-7.0 months) All grades: 64/108
Grade 1-2: 47/108
Grade 3+: 17/108 p=0.603

*unsuitable for meta-analysis as HR is outside the CI, therefore not included in meta-analysis of overall survival. ** Based on calculations from graphs.

Efficacy

Overall survival: All included papers reported measuring overall
survival as time from starting immunotherapy until death and included
statistics allowing for comparison of older and younger subgroup/s.
Four studies reported greater overall survival in the older population
however none reported a statistically significant difference. Five
studies reported greater overall survival in younger subgroup/s only
one of these showed a significant statistical difference. This statistical
difference was reported in Lichtenstein et al. [27] and demonstrated
that patients aged >80 years had a hazard ratio for overall survival of
2.741, 95% confidence interval 1.429-5.254 compared to patients aged
<60 years. Data as extracted from papers is demonstrated in Table 2.

Results from five papers are demonstrated in a forest plot (Figure
2) with a meta-analysis. Comparison of overall survival by age in
Dumenil et al. [26] was not included as the reported hazard ratio and
confidence interval were not suitable for meta-analysis as the reported
hazard ratio was lower than the lower limit of the confidence interval.
This was not resolved after contacting the authors. For Nosaki et al.
[28] a hazard ratio and confidence interval were calculated from the
median overall survival data and number of events that occurred in
the older and younger groups using natural logarithm equations [22].
For Lichtenstein et al. [27] hazard ratios for the three older subgroups
compared to the under 60s were pooled using the fixed effect meta-
analysis function of RevMan 5.3, this produced a pooled HR for
260yrs vs <60yrs of 1.09 with 95% confidence interval of 0.80-1.49.

%

This forest plot (Figure 2) showed three studies demonstrated a
better outcome in younger patients. This improved overall survival
in younger patients was not statistically significant in any included
studies. Improved overall survival in older patients was demonstrated
in two studies but neither was statistically significant.

The pooled hazard ratio favoured younger patients with a hazard
ratio of 1.03 and a 95% confidence interval of 0.92-1.15 (p=0.58).
Heterogeneity was assessed using the I? statistic. For the overall
assessment this was 31%. This indicates mild to moderate heterogeneity.

Progression-free survival: Of the included papers eight reported
progression-free survival with astatisticallowinga comparison between
an older and younger subgroup. Progression-free survival in all these
papers was measured from start of immunotherapy until radiological
or clinical progression of disease or death. Six papers reported a
greater progression-free survival in older patients. One paper, Grossi
et al. [25] reported a significant statistical difference between older
and younger patients. Intermediate range subgroups in Grossi et
al. [25] and Lichtenstein et al. [27] reported improved progression-
free survival in older patients than the younger comparator groups.
Only the Lichtenstein et al. [27] 70-79yrs subgroup demonstrated a
statistically significant results, demonstrating improved progress-free
survival in the older group than the younger reference group. Three
papers reported greater progression-free survival in younger patients

The progression-free survival comparisons from five of these studies
were plotted in a forest plot (Figure 3) of hazard ratios and confidence
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intervals and a meta-analysis performed. This demonstrated greater
but not statistically significant greater progression-free survival in
older subgroups in all included studies.

The pooled hazard ratio and confidence interval was 0.96 with
a 95% confidence interval of 0.92-1.01 (p=0.15) showing no
statistically significant difference between older and younger patients.
Heterogeneity was assessed using the I? statistic which gave an overall
value of 10%, indicating a mild level of heterogeneity.

Adverse events

Adverse event data was present in all included studies. Inter study
variability was present with six studies reporting immune-related
adverse event rates, four reporting treatment related events and one
reporting adverse events. In the meta-analysis we have used the most

encompassing reported adverse events rate from each study, where
present we have recorded and used the sub-grouped event rates based
on grading.

Adverse events as reported in each study are demonstrated in Table
2. Adverse event rates by age were demonstrated in a graph without
counts in Bjernhart et al. [32] and therefore were deduced based
on calculations for Table 2, we did not deem this reliable enough to
include these values in the meta-analysis.

These data were used to produce a meta-analysis and forest plot (see
Figure 4) with subgroup analysis based on all grades, grades one and
two, grades three or more. For Lichtenstein et al. [27] the two older
subgroups were combined, and the two younger subgroups combined.
This gave an age comparison between those >70 and those <70 years,
this is in keeping with most included papers.

Hazard Ratio Hazard Ratio
Study or Subgroup  log[Hazard Ratio] SE Weight IV, Random, 85% CI IV, Random, 85% Cl
1.1.1 All studies
Baldini 2020 00101 00498 434% 0.99 [0.90, 1.09)
Bjomhart 2019 047 02685 4.2% 1.60 [0.95, 2.71] 7
Cortellini 2019 01655 01241 158% 1.18[0.93,1.50) T
Lichtenstein 2019 0.0B62 01578 10.7T% 1.08 [0.80, 1.49) I
Mosaki 2018 00727 00364 259% 0.93[0.79,1.10) ]
Subtotal (95% C1) 100.0% 1.03 [0.92,1.15) L 4
Heterogeneity: Tau™= 000, Chi"= 582, di=4 P=0.21),F=31%
Test for overall effect Z= 0,56 (P = 0.58)
Tolal (95% CI) 100.0% 1.03 [0.92,1.15] ?
Heterogeneity Tau®= 0000; Chi*= 502, df=4 P=0.21);F= 1% iu 2 |:|=5 : i 51

Test for overall effect 2= 0.56 (P = 0.58)
Test for subgroup diferences: Mol applicable

Favours Older Favours Younger

Figure 2: Forest plot of Overall Survival by age: Forest plot of hazard ratios for overall survival of older people compared to younger people from

eligible included studies.

Study or Subgroup

lsp[Hazard Ratio]

Hazard Ratio

SE Weight IV, Random, 95% Cl

Hazard Ratio
IV, Random, 95% Cl

1.2.1 All studies

Baldini 2020 -0.0726 00519 19.3% 0.93[0.84,1.03 =
Bjomhart 2019 00726 02236 1.2% 0.93 [0.60,1.44)

Cortellini 2019 -0.1278 01095 49% 0.880.71,1.09] - - 1
Dwrmenil 2018 =000 00z TIA% 0.98 [0.95,1.03)

Lichtenstein 2019 -0.2107 01282  36% 0,81 [0.63,1.04]

Subtotal (95% CI) 100.0% 0.96 [0.92, 1.01]

Heterogeneity Tau®= 0.00; Chi*= 4,42, df= 4 (P = 0.35), F=10%

Test for ovarall effect Z= 146 (FP=015)

Total (95% CI) 100.0% 0.96 [0.92, 1.01] ﬁ
Heaterogeneity Tav®= 0.00; Chi*= 4 42, df= 4 (P = 0.35), F= 10% =|35 U=? i 1=5 2.'-

Test for overall effect Z= 146 (P=0.15)
Test for subgroup diferences: Mol apolicable

Favours older Favours younger

Figure 3: Forest plot of Progression free survival by age - Forest plot of hazard ratios for progression-free survival of older people compared to

younger people from eligible included studies.

For papers that reported all grade events, two papers showed
increased risk of adverse event in the younger population, these were
not statistically significant. One study demonstrated as statistically
significant increased rate of adverse events in older people. For
grade one and two events, one paper reported increased risk in the
younger population and one reported increased adverse event rates
in the older population. Neither of these was as statistically significant
difference. For grade three and above events, two papers demonstrated
an increased risk of adverse events in the younger population and one
paper reported an increased rate in the older population. One of these
results demonstrating increased risk of adverse events in younger
patients was statistically significant.

The meta-analysis produced a pooled odds ratio of adverse event of

1.01 with 95% confidence interval 0.83-1.23 showing no statistical
difference between the older and younger groups. Heterogeneity was
assessed giving an overall I? value of 43%, a mild-moderate level of
heterogeneity. A sensitivity analysis was performed with each included
study being removed from the analysis individually. In each case
the result demonstrated no statistical difference between older and
younger patients.

Assessment of publication bias

Publication bias was assessed using the funnel plot method see Figure
5, this was deduced from the adverse events rates meta-analysis and
generated in RevMan. There is no clear asymmetry, which indicates
low possibility of publication bias across studies. This assessment is
limited due to the limited number of included articles.
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Odds Ratio
M-H, Random, 95% CI

Favours older Younger

Study of Subgroup  Events  Total Events Total Weight
1.3.1 All grades

Baldini 2020 226 1278 116 681 HMI%
Cortellini 2019 T 254 137 300 16.3%
Lichlenstein 2019 45 104 &7 141 101%
Subtotal (95% CI) 1641 1122 47.5%
Tolal events 365 3o

Heteroganeity. Tau™= 0.04; Chi*= 4.72, df= 2 (P = 0.08); F= 58%
Testfor overall efect Z= 0.56 (P = 0.59)

1.3.2 Grade 1-2 evenls

Joris 2019 47 108 Bl 16 11.4%
Nogaki 2019 L] 149 638 1313 16.3%
Subtotal (95% CI) 257 1539 27.6%
Tolal evants 113 Tig

Heterogenaity Tau®= 0.04; Chi*= 190, df=1 P=017); P=47%
Test for overall effect Z= 0.06 (P = 0.95)

1.3.3 Grade =/>3 evenls

Dumenil 2018 12 8 18 3\ 36%
Joris 2019 17 108 W NE  TE%
Mosaki 2019 36 149 224 1313 137%
Subtotal [95% CI) 285 1578 24.9%
Tolal events 85 279

Helerogeneity. Tau™= 0.04, Chi"= 2.75, df= 2 (F = 0.25), F= 2T%
Test for overall effect Z= 096 (P = 0.34)

Total (95% CI) 4239 100,0%
Total evenis 543 1308

Heterogeneity Tav®= 003, Chi"= 12.31, df= 7 (F = 0.09); F= 43%
Test for overall effect Z= 012 (P = 0.91)

Test for subgroup differences: Chi*= 1.22, df= 2 (P = 0.54), P= 0%
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Figure 4: Forest plot of reported adverse event rates - Forest plot of odds ratios of adverse events in older people compared to younger people from
eligible included studies with subgroup analysis based on graded severity of event.
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Figure 5: Funnel plot of adverse events data.
Discussion

Based on existing literature it is clear there are doubts over the efficacy
and tolerability of targeted immune checkpoint inhibitors in older
patients. Doubts around efficacy are present due to the understanding
we have around immunosenescence that occurs as part of ageing.
Increased rates of co-morbidity and reduced physical reserve in older
patients with lung cancer are thought to increase the risk of immune
checkpoint inhibitor induced adverse events.

We set out to review what data existed in current literature comparing
efficacy and side effects of these agents in older patients compared
to younger patients. We used a systematic review methodology with
narrative synthesis and meta-analyses of suitable results to investigate
our aims.

%

Our systematic search results demonstrate that only a few studies have
reported the overall and progression-free survival as well as overall
adverse event rates for older patients separately from younger patients.
In addition, most of the knowledge in this field comes from non-
randomised observational data and research where impact of age was
not a primary aim of investigation.

The results we have extracted demonstrate no pattern of difference
in overall survival, progression-free survival or adverse event rates
in older patients compared to younger patients. A number of these
studies did not have age comparison as their main aim and aimed to
investigate multiple factors affecting outcomes with age being one of
them. Most of these nine cohort studies did not perform a multivariate
analysis for age as a risk factor for survival outcomes or adverse events.
This is reflected in the results of our bias assessment. The results of
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the Newcastle-Ottawa scale for these studies highlighted that the
comparability of results for the older and younger groups was weak
in most studies. One study Lichtenstein et al. [27] achieved a star for
comparability on this score, this study had the main aim of comparing
outcomes in older and younger patients and performed multivariate
analysis for the efficacy data.

The results of our review of overall survival and progression-free
survival support the findings of two similar reviews [17, 18] described
in section 1.3. Our review adds further evidence to their findings and
adds evidence in the specific non-small cell lung cancer population
who are treated with single agent immunotherapy. In addition, we
have provided a review of side effects of these agents by age.

The limitation in the number and quality of published studies
comparing both efficacy and adverse event rates by age demonstrates
this as an area where further focused research is needed.

This is the first review and meta-analysis to compare the efficacy
and the adverse event rates in older and younger patients receiving
programmed death pathway immunotherapy for patients with non-
small cell lung cancer. We have found that existing data suggest there
is no overall difference in efficacy and side-effects rates between older
and younger patients treated with single agent immunotherapy for
non-small cell lung cancer. Therefore, this review supports the use
of single agent immunotherapy for older patients just as for younger
patients with non-small cell lung cancer. This is based on a limited
number of studies, many observational, and emphasises the lack of
evidence that effects of these agents are the same as age increases.
Further studies that focus on this this difference as a primary aim are
needed to increase the body and strength of evidence.

References
1.  Cancer Research UK. Lung Cancer Statistics 2021.
2. Cancer Research UK. Lung Cancer Survival Statistics 2021.
3. Cancer Research UK. Bowel Cancer Survival Statistics 2021.

4.  Alberg A], Nonemaker ] (2008) Who is at high risk for lung cancer?
Population-level and individual-level perspectives. Semin Respir
Crit Care Med 29(3): 223-232.

5. Cancer Research UK. Lung Cancer Incidence Statistics 2021.
6.  Cancer Research UK. Lung Cancer Mortality Statistics 2021.

7. Ishida Y, Agata Y, Shibahara K, Honjo T (1992) Induced expression
of PD-1, a novel member of the immunoglobulin gene superfamily,
upon programmed cell death. EMBO ] 11(11): 3887-3895.

8. Nishimura H, Nose M, Hiai H, Minato N, Honjo T (1999) Develop-
ment of Lupus-like Autoimmune Diseases by Disruption of the PD-1
Gene Encoding an ITIM Motif-Carrying Immunoreceptor. Immunity
11(2): 141-151.

9.  Nishimura H, Minato N, Nakano T, Honjo T (1998) Immunological
studies on PD-1 deficient mice: implication of PD-1 as a negative
regulator for B cell responses. Int Immunol 10(10): 1563-1572.

10. Zhang Y, Huang S, Gong D, Qin Y, Shen Q (2010) Programmed
death-1 upregulation is correlated with dysfunction of tumor-infil-
trating CD8+ T lymphocytes in human non-small cell lung cancer.
Cellular & Molecular Immunology 7(5): 389-395.

11.  Reck M, Rodriguez-Abreu D, Robinson AG, Hui R, Csoszi T, et al.
(2016) Pembrolizumab versus Chemotherapy for PD-L,-Positive
Non-Small-Cell Lung Cancer. N Engl ] Med 375(19): 1823-1833.

12.  Horn L, Spigel DR, Vokes EE, Holgado E, Ready N, et al. (2017)
Nivolumab Versus Docetaxel in Previously Treated Patients With
Advanced Non-Small-Cell Lung Cancer: Two-Year Outcomes From
Two Randomized, Open-Label, Phase III Trials (CheckMate 017 and
CheckMate 057).] Clin Oncol 35(35): 3924-3933.

%

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Rittmeyer A, Barlesi F, Waterkamp D, Park K, Ciardiello F, et al.
(2017) Atezolizumab versus docetaxel in patients with previously
treated non-small-cell lung cancer (OAK): a phase 3, open-label,
multicentre randomised controlled trial. Lancet 389(10066): 255-
265.

Bajwa R, Cheema A, Khan T, Amirpour A, Paul A, et al. (2019) Ad-

verse Effects of Immune Checkpoint Inhibitors (Programmed
Death-1 Inhibitors and Cytotoxic T-Lymphocyte-Associated Pro-
tein-4 Inhibitors): Results of a Retrospective Study. ] Clin Med Res
11(4): 225-236.

Ferrara R, Mezquita L, Auclin E, Chaput N, Besse B (2017) Immu-
nosenescence and immunecheckpoint inhibitors in non-small cell
lung cancer patients: Does age really matter? Cancer Treat Rev 60:
60-68.

O Connor JM, Fessele KL, Steiner ], Seidl-Rathkopf K, Carson KR,
et al. (2018) Speed of Adoption of Immune Checkpoint Inhibitors
of Programmed Cell Death 1 Protein and Comparison of Patient
Ages in Clinical Practice vs Pivotal Clinical Trials. JAMA Oncol 4(8):
€180798.

Elias R, Giobbie-Hurder A, McCleary NJ, Ott P, Hodi FS, et al. (2018)
Efficacy of PD-1 & PD-L, inhibitors in older adults: a meta-analysis.
Journal for ImmunoTherapy of Cancer 6(1): 26.

Zhang L, Sun L, Yu ], Shan F, Zhang K, et al. (2019) Comparison of
Immune Checkpoint Inhibitors between Older and Younger Patients
with Advanced or Metastatic Lung Cancer: A Systematic Review and
Meta-Analysis. Biomed Res Int 2019: 9853701.

Bartlett M, Gkogkou P (2020) Efficacy and side effects of single
agent immunotherapy for non-small cell lung cancer in older and
younger patients: a systematic review and meta-analysis.

Sterne JAC, Savovic ], Page M], Elbers RG, Blencowe NS, et al. (2019)
RoB ,: a revised tool for assessing risk of bias in randomised trials.
BM] 366:14898.

Wells G SB, O Connell D, Peterson ], Welch V, Losos M, et al. (2013)
The Newcastle-Ottawa Scale (NOS) for assessing the quality of non-
randomised studies in meta-analyses.

Kleinbaum DG, Klein, Mitchel. Survival Analysis a Self Learning
Text. 3 ed. Springer; 2012.

Boland A, Cherry M G, Dickson R. Doing a Systematic Review, A Stu-
dent’s Guide. 2™ ed. SAGE Publications; 2017.

Moher D, Liberati A, Tetzlaff ], Altman DG (2009) Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses: The PRISMA
Statement. PLOS Medicine 6(7): e1000097.

Grossi F, Genova C, Crino L, Delmonte A, Turci D, et al. (2019) Re-
al-life results from the overall population and key subgroups with-
in the Italian cohort of nivolumab expanded access program in
non-squamous non-small cell lung cancer. Eur ] Cancer 123: 72-80.

Dumenil C, Massiani MA, Dumoulin ], Giraud V, Labrune S, et al.
(2018) Clinical factors associated with early progression and grade
3-4 toxicity in patients with advanced non-small-cell lung cancers
treated with nivolumab. PLoS One 13(4): e0195945.

Lichtenstein MRL, Nipp RD, Muzikansky A, Goodwin K, Anderson D,
etal. (2019) Impact of Age on Outcomes with Immunotherapy in Pa-
tients with Non-Small Cell Lung Cancer. ] Thorac Oncol 14(3):547-
552.

Nosaki K, Saka H, Hosomi Y, Baas P, De Castro G, et al. (2019) Safe-
ty and efficacy of pembrolizumab monotherapy in elderly patients
with PD-L -positive advanced non-small-cell lung cancer: Pooled
analysis from the KEYNOTE-MO, KEYNOTE-W, and KEYNOTE—O42 stu-
dies. Lung Cancer 135: 188-195.

Muchnik E, Loh KP, Strawderman M, Magnuson A, Mohile SG, et al.
(2019) Immune Checkpoint Inhibitors in Real-World Treatment of
Older Adults with Non-Small Cell Lung Cancer. Journal of the Amer-
ican Geriatrics Society 67(5): 905-912.

Citation: Bartlett M, Gkogkou P, Swart AM. Efficacy and Side Effects of Single Agent Inmunotherapy for Non-Small Cell Lung Cancer in Older and Younger Pa-
tients: A Systematic Review and Meta-Analysis. Int ] Onco Radiother. 2021;2(1):29-39. DOI: 10.51626/ijor.2021.02.00007


https://doi.org/10.51626/ijor.2021.02.00007
https://pubmed.ncbi.nlm.nih.gov/18506660/
https://pubmed.ncbi.nlm.nih.gov/18506660/
https://pubmed.ncbi.nlm.nih.gov/18506660/
https://pubmed.ncbi.nlm.nih.gov/1396582/
https://pubmed.ncbi.nlm.nih.gov/1396582/
https://pubmed.ncbi.nlm.nih.gov/1396582/
https://pubmed.ncbi.nlm.nih.gov/10485649/
https://pubmed.ncbi.nlm.nih.gov/10485649/
https://pubmed.ncbi.nlm.nih.gov/10485649/
https://pubmed.ncbi.nlm.nih.gov/10485649/
https://pubmed.ncbi.nlm.nih.gov/9796923/
https://pubmed.ncbi.nlm.nih.gov/9796923/
https://pubmed.ncbi.nlm.nih.gov/9796923/
https://pubmed.ncbi.nlm.nih.gov/20514052/
https://pubmed.ncbi.nlm.nih.gov/20514052/
https://pubmed.ncbi.nlm.nih.gov/20514052/
https://pubmed.ncbi.nlm.nih.gov/20514052/
https://pubmed.ncbi.nlm.nih.gov/27718847/
https://pubmed.ncbi.nlm.nih.gov/27718847/
https://pubmed.ncbi.nlm.nih.gov/27718847/
https://pubmed.ncbi.nlm.nih.gov/29023213/
https://pubmed.ncbi.nlm.nih.gov/29023213/
https://pubmed.ncbi.nlm.nih.gov/29023213/
https://pubmed.ncbi.nlm.nih.gov/29023213/
https://pubmed.ncbi.nlm.nih.gov/29023213/
https://pubmed.ncbi.nlm.nih.gov/27979383/
https://pubmed.ncbi.nlm.nih.gov/27979383/
https://pubmed.ncbi.nlm.nih.gov/27979383/
https://pubmed.ncbi.nlm.nih.gov/27979383/
https://pubmed.ncbi.nlm.nih.gov/27979383/
https://pubmed.ncbi.nlm.nih.gov/30937112/
https://pubmed.ncbi.nlm.nih.gov/30937112/
https://pubmed.ncbi.nlm.nih.gov/30937112/
https://pubmed.ncbi.nlm.nih.gov/30937112/
https://pubmed.ncbi.nlm.nih.gov/30937112/
https://pubmed.ncbi.nlm.nih.gov/28889085/
https://pubmed.ncbi.nlm.nih.gov/28889085/
https://pubmed.ncbi.nlm.nih.gov/28889085/
https://pubmed.ncbi.nlm.nih.gov/28889085/
https://pubmed.ncbi.nlm.nih.gov/29800974/
https://pubmed.ncbi.nlm.nih.gov/29800974/
https://pubmed.ncbi.nlm.nih.gov/29800974/
https://pubmed.ncbi.nlm.nih.gov/29800974/
https://pubmed.ncbi.nlm.nih.gov/29800974/
https://pubmed.ncbi.nlm.nih.gov/29618381/
https://pubmed.ncbi.nlm.nih.gov/29618381/
https://pubmed.ncbi.nlm.nih.gov/29618381/
https://pubmed.ncbi.nlm.nih.gov/31214620/
https://pubmed.ncbi.nlm.nih.gov/31214620/
https://pubmed.ncbi.nlm.nih.gov/31214620/
https://pubmed.ncbi.nlm.nih.gov/31214620/
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020181990
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020181990
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020181990
https://pubmed.ncbi.nlm.nih.gov/31462531/
https://pubmed.ncbi.nlm.nih.gov/31462531/
https://pubmed.ncbi.nlm.nih.gov/31462531/
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://www.springer.com/gp/book/9781441966452
https://www.springer.com/gp/book/9781441966452
https://www.worldcat.org/title/doing-a-systematic-review-a-students-guide/oclc/1012125073
https://www.worldcat.org/title/doing-a-systematic-review-a-students-guide/oclc/1012125073
https://www.bmj.com/content/339/bmj.b2535
https://www.bmj.com/content/339/bmj.b2535
https://www.bmj.com/content/339/bmj.b2535
https://pubmed.ncbi.nlm.nih.gov/31671314/
https://pubmed.ncbi.nlm.nih.gov/31671314/
https://pubmed.ncbi.nlm.nih.gov/31671314/
https://pubmed.ncbi.nlm.nih.gov/31671314/
https://pubmed.ncbi.nlm.nih.gov/29684049/
https://pubmed.ncbi.nlm.nih.gov/29684049/
https://pubmed.ncbi.nlm.nih.gov/29684049/
https://pubmed.ncbi.nlm.nih.gov/29684049/
https://pubmed.ncbi.nlm.nih.gov/30476576/
https://pubmed.ncbi.nlm.nih.gov/30476576/
https://pubmed.ncbi.nlm.nih.gov/30476576/
https://pubmed.ncbi.nlm.nih.gov/30476576/
https://pubmed.ncbi.nlm.nih.gov/31446994/
https://pubmed.ncbi.nlm.nih.gov/31446994/
https://pubmed.ncbi.nlm.nih.gov/31446994/
https://pubmed.ncbi.nlm.nih.gov/31446994/
https://pubmed.ncbi.nlm.nih.gov/31446994/
https://pubmed.ncbi.nlm.nih.gov/30698276/
https://pubmed.ncbi.nlm.nih.gov/30698276/
https://pubmed.ncbi.nlm.nih.gov/30698276/
https://pubmed.ncbi.nlm.nih.gov/30698276/

Efficacy and Side Effects of Single Agent Inmunotherapy for Non-Small Cell Lung Cancer in Older and Younger Patients: A Systematic Review and Meta-Analysis 39

30.
31.

32.

%

Cortellini A, Chiari R, Ricciuti B, Metro G, Perrone F, et al. (2019)
Correlations Between the Immune-related Adverse Events Spec-
trum and Efficacy of Anti-PD1 Immunotherapy in NSCLC Patients.
Clinical Lung Cancer 20(4): 237-247.el.

Baldini E, Lunghi A, Cortesi E, Turci D, Signorelli D, et al. (2020)
Immune-related adverse events correlate with clinical outcomes in
NSCLC patients treated with nivolumab: The Italian NSCLC expand-
ed access program. Lung Cancer 140: 59-64.

Bjgrnhart B, Hansen KH, Jgrgensen TL, Herrstedt ], Schytte T (2019)
Efficacy and safety of immune checkpoint inhibitors in a Danish real

33.

34,

life non-small cell lung cancer population: a retrospective cohort
study. Acta Oncologica 58(7): 953-961.

Joris S, Pieters T, Sibille A, Bustin F, Jacqmin L, et al. (2020) Real life
safety and effectiveness of nivolumab in older patients with non-
small cell lung cancer: Results from the Belgian compassionate use
program. Journal of Geriatric Oncology 11(5): 796-801.

Grossi F, Crino L, Logroscino A, Canova S, Delmonte A, et al. (2018)
Use of nivolumab in elderly patients with advanced squamous non-
small-cell lung cancer: results from the Italian cohort of an expan-
ded access programme. European Journal of Cancer 100: 126-134.

Citation: Bartlett M, Gkogkou P, Swart AM. Efficacy and Side Effects of Single Agent Inmunotherapy for Non-Small Cell Lung Cancer in Older and Younger Pa-
tients: A Systematic Review and Meta-Analysis. Int ] Onco Radiother. 2021;2(1):29-39. DOI: 10.51626/ijor.2021.02.00007


https://doi.org/10.51626/ijor.2021.02.00007
https://pubmed.ncbi.nlm.nih.gov/30885550/
https://pubmed.ncbi.nlm.nih.gov/30885550/
https://pubmed.ncbi.nlm.nih.gov/30885550/
https://pubmed.ncbi.nlm.nih.gov/30885550/
https://pubmed.ncbi.nlm.nih.gov/31881412/
https://pubmed.ncbi.nlm.nih.gov/31881412/
https://pubmed.ncbi.nlm.nih.gov/31881412/
https://pubmed.ncbi.nlm.nih.gov/31881412/
https://pubmed.ncbi.nlm.nih.gov/31081424/
https://pubmed.ncbi.nlm.nih.gov/31081424/
https://pubmed.ncbi.nlm.nih.gov/31081424/
https://pubmed.ncbi.nlm.nih.gov/31081424/
https://pubmed.ncbi.nlm.nih.gov/31791821/
https://pubmed.ncbi.nlm.nih.gov/31791821/
https://pubmed.ncbi.nlm.nih.gov/31791821/
https://pubmed.ncbi.nlm.nih.gov/31791821/
https://pubmed.ncbi.nlm.nih.gov/30014881/
https://pubmed.ncbi.nlm.nih.gov/30014881/
https://pubmed.ncbi.nlm.nih.gov/30014881/
https://pubmed.ncbi.nlm.nih.gov/30014881/

	Title
	Abstract
	Background
	Methods
	Results
	Discussion
	References
	Table 1
	Table 2
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5

