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Abstract
Purpose The COVID-19 pandemic changed diagnostic and treatment pathways in oncology. We compared the safety and 
efficacy of pembrolizumab amongst advanced nonsmall cell lung cancer (NSCLC) patients with a PD-L1 tumor proportion 
score (TPS) ≥ 50% before and during the pandemic.
Methods Advanced NSCLC patients initiating pembrolizumab between June 2015 and December 2019 (“pre-pandemic 
cohort”) and between March 2020 and March 2021 (“pandemic cohort”) at BC Cancer were identified retrospectively. 
Multivariable logistic regression evaluated risk factors for immune-related adverse events (irAE) ≥ grade 3 at the 6 week, 
3 month, and 6 month landmarks. Cox regression models of overall survival (OS) were constructed.
Results The study population comprised 417 patients in the pre-pandemic cohort and 111 patients in the pandemic cohort. 
Between March and May 2020, 48% fewer advanced NSCLC cases with PD-L1 TPS ≥ 50% were diagnosed compared to 
similar intervals in 2018–2019. Telemedicine assessment [new patient consultations (p < 0.001) and follow-up (p < 0.001)] 
and extended interval pembrolizumab dosing (p < 0.001) were more common in the pandemic cohort. Patients initiating 
pembrolizumab after February 2020 (vs. before January 2020) experienced similar odds of developing severe irAE. 2/111 
(1.8%) patients receiving pembrolizumab during the pandemic tested positive for COVID-19. On multivariable analysis, no 
association between pembrolizumab treatment period (before vs. during the COVID-19 pandemic) and OS was observed 
(p = 0.18).
Conclusion Significant changes in healthcare delivery in response to the pandemic did not result in increased high grade 
toxicity or lower survival outcomes in patients with advanced NSCLC treated with pembrolizumab.
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SARS-CoV-2  Severe acute respiratory syndrome corona-
virus 2

TPS  Tumor proportion score

Introduction

Pembrolizumab, a monoclonal antibody checkpoint inhibi-
tor directed against programmed death receptor 1 (PD-1), is 
commonly prescribed as a first line treatment for advanced 
nonsmall cell lung cancer (NSCLC) patients whose tumors 
have a programmed death ligand 1 (PD-L1) tumor propor-
tion score (TPS) ≥ 50% and no actionable mutations. KEY-
NOTE-024 demonstrated superior overall survival (OS) of 
pembrolizumab monotherapy administered every 3 weeks 
for up to 35 cycles compared to standard platinum doublet 
chemotherapy in this patient population (Reck et al. 2016). 
Importantly, pembrolizumab was well tolerated with a low 
incidence of severe immune-related adverse events (irAE, 
9.7%) and need for treatment discontinuation (7.1%).

Coronavirus disease 2019 (COVID-19), the illness 
caused by severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2), has exerted an unprecedented effect on 
society and health care services. While COVID-19 causes 
limited symptoms in some individuals, others may develop 
more severe sequelae including respiratory failure, cytokine 
release syndrome, multi-organ failure, and death (Curigliano 
et al. 2020). Patients with cancer are at risk of both con-
tracting SARS-CoV-2 and developing severe sequelae due 
to frequent contacts with the healthcare system, immuno-
compromised state, and presence of comorbidities (Passaro 
et al. 2021). Individuals with thoracic malignancies are an 
especially vulnerable population with high risks of hospitali-
zation and death due to COVID-19 (Garassino et al. 2020).

British Columbia (BC) Cancer provides publicly funded 
oncologic care for the 5.2 million residents of the province 
of British Columbia, Canada. At the onset of the pandemic, 
BC Cancer issued clinical management guidelines to limit 
COVID-19 dissemination amongst patients with cancer 
and to prioritize healthcare services (BC Cancer 2020). For 
example, in-person appointments were deferred in favor 
of telemedicine (defined as the delivery of health care ser-
vices using communication technologies where distance is 
a critical factor) and extended interval immunotherapy dos-
ing became available (Pan American Health Organization 
2016). In anticipation of a surge in critically ill patients with 
COVID-19 province-wide requiring healthcare resources, it 
was recommended that all non-urgent imaging and pathol-
ogy testing be postponed. In the context of aggressive malig-
nancies such as NSCLC, these policies have challenged 
clinicians to maintain high standards of cancer care while 
minimizing direct contact with patients.

Mitigation strategies during the pandemic have changed 
diagnostic and treatment pathways in oncology, but the 
impact of these changes on the toxicity and efficacy of 
immune checkpoint inhibitors for advanced NSCLC remains 
unclear. For instance, a shift from in-person to telemedi-
cine assessments could impede early recognition of irAE 
resulting in more severe immune toxicity. In this multicenter 
retrospective cohort study of patients receiving first-line 
pembrolizumab for advanced NSCLC, we compared safety 
and survival outcomes before and during the COVID-19 
pandemic.

Methods

Study design and setting

All lung cancer biomarker testing in British Columbia is 
completed centrally at the BC Cancer pathology lab. We 
conducted this retrospective cohort study through a search 
of the pathology database for all advanced NSCLC tumors 
(stage IV, 7th edition Union for International Cancer Control 
TNM classification or stage IIIB or recurrent nonresectable 
disease not amenable to curative intent radiotherapy) with 
PD-L1 TPS ≥ 50% between June 2015 and March 2021. 
Assay methods have been previously described (Ksienski 
et al. 2021). Prospective data were captured until December 
2021.

This study was performed in line with the principles 
of the Declaration of Helsinki. Approval was granted by 
the University of British Columbia Research Ethics Board 
(Date July 2021/No H21-02241), which considered the study 
exempt from obtaining patient informed consent on the basis 
of its code of regulations. We followed the Strengthening 
the Reporting of Observational Studies in Epidemiology 
(STROBE) reporting guidelines.

Patient selection

Patients treated with pembrolizumab were divided into two 
groups according to date of diagnosis of advanced NSCLC:

• A “pre-pandemic” cohort including all advanced NSCLC 
patients with PD-L1 TPS ≥ 50% who received pembroli-
zumab as a first treatment for advanced NSCLC any time 
between June 2015 and December 2019. Individuals 
diagnosed with advanced NSCLC between June 2015 
and December 2019 who were treated with pembroli-
zumab on or after January 1, 2020, were excluded.

• A “pandemic” cohort including all patient diagnosed 
with advanced NSCLC between March 11, 2020 (date 
the World Health Organization declared COVID-19 
a pandemic), and March 2021 whose tumors demon-
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strated PD-L1 TPS ≥ 50% and received first-line pem-
brolizumab.

We excluded patients treated with pembrolizumab as sec-
ond line or greater therapy or as part of a clinical trial. In 
addition, since combination chemotherapy and pembroli-
zumab can be given to a more heterogeneous population 
(any PD-L1 TPS), we only included patients receiving pem-
brolizumab monotherapy as all such tumors demonstrated 
a PD-L1 TPS ≥ 50%. Pembrolizumab was administered at 
either 2 mg/kg intravenous every 3 weeks or, stating April 
1, 2020, 4 mg/kg intravenous every 6 weeks.

Outcomes

The primary endpoints were the incidence of irAE grade ≥ 3 
and survival outcomes (overall survival, OS, and progres-
sion free survival, PFS) in the pre-pandemic and pandemic 
cohorts. High grade irAE were studied as they are always 
clinically relevant and are subject to less interobserver vari-
ation than grade 1 or 2 irAE (Hsiehchen et al. 2019). OS 
was defined as the time from first pembrolizumab treatment 
until the date of death from any cause. PFS was measured 
from pembrolizumab start to date of physician determined 
progression or death. Patients not experiencing an event of 
interest were censored at last follow-up.

Secondary outcomes were rates of newly diagnosed 
advanced NSCLC cases with high PD-L1 expression, time 
from diagnosis of advanced NSCLC to pembrolizumab ini-
tiation, and treatment modifications due to the pandemic in 
the two cohorts.

Data extraction

Information extracted from chart review included: (1) the 
mode of consultation (in-person vs. telemedicine) for the 
new patient appointment and first 3 months of follow-up 
after starting pembrolizumab, (2) clinical characteris-
tics: age, gender, Charlson Comorbidity Index (advanced 
NSCLC not included as a comorbidity), Eastern Cooperative 
Oncology Group (ECOG) performance status, and smoking 
status, (3) tumor-level covariates: histology, PD-L1 TPS, 
and presence of oncogenic driver mutations, (4) the ratio 
of serum absolute neutrophil count to absolute lymphocyte 
count prior to the first pembrolizumab infusion were used to 
calculate the neutrophil to lymphocyte (NLR) ratio; a cut-off 
of 6.4 was chosen as values below this level have a positive 
prognostic implication (Ksienski et al. 2021) and (5) any 
modification to patient care specifically resulting from the 
COVID-19 pandemic.

Regarding safety data, identification of irAE was based on 
the treating healthcare practitioner’s assessment while grade 
was assigned by the abstractor using Common Terminology 

Criteria for Adverse Events version 5 (U.S. Department of 
Health and Human Services 2017). SARS-CoV-2 infec-
tion confirmed by reverse transcriptase polymerase chain 
reaction, rapid antigen test, or serology at any point during 
follow-up was also recorded.

Statistical analysis

Baseline demographic and clinical characteristics were sum-
marized using descriptive statistics and compared with two 
sample Wilcox tests (continuous variables) and Pearson 
chi-square tests of homogeneity (categorical variables) risk 
ratios were calculated using unconditional maximum likeli-
hood with the R package “epitools” (Aragon 2020). Median 
follow-up time was calculated by the reverse Kaplan–Meier 
method. Poisson generalized linear models were used to 
compare the rates of newly diagnosed advanced NSCLC 
cases with high PD-L1 expression and their confidence 
intervals (CI) before and during COVID-19. These models 
were summarized with rate ratios comparing the pandemic 
period to pre-pandemic on a quarterly basis.

Kaplan–Meier curves from first pembrolizumab treatment 
were generated and groups compared by the log-rank test. 
Univariable and multivariable Cox proportional hazards 
models were used to examine the association of baseline 
covariates (including treatment with pembrolizumab before 
or during COVID-19) with OS. Results are summarized as 
hazard ratios and 95% CI.

Univariable and multivariable logistic regression models 
were used to determine the odds of experiencing a high-
grade irAE within 6 weeks, 3 months, or 6 months of pem-
brolizumab initiation based on baseline characteristics and 
treatment period. As there is a wide range in time to onset 
of pembrolizumab-induced irAE, multiple timepoints were 
chosen. As a sensitivity analysis, calculations were repeated 
excluding individuals who died before each landmark as 
those poor prognosis patients might not have lived long 
enough to develop a high grade irAE.

All p values were based on two-sided hypotheses test and 
those < 0.05 were considered statistically significant. All 
analyses were conducted using R statistical software version 
4.0.3 (R Core Team 2021).

Results

Patient characteristics

A total of 1627 advanced NSCLC cases with PD-L1 
TPS ≥ 50% were diagnosed between June 2015 and Decem-
ber 2019 or March 11, 2020, and March 2021 (Fig. 1). Five 
hundred and twenty-eight patients met eligibility criteria 
for this study: 417 patients belonging to the pre-pandemic 
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cohort and 111 patients to the pandemic cohort. Amongst 
the 528 patients, median age was 71 years (range 41–95), 
276 patients (52.3%) were female, and 206 patients (39.0%) 
had ECOG performance status 2/3 at first pembrolizumab 
treatment. Patients in the pandemic cohort had a higher 
median Charlson Comorbidity Index score than those in the 
pre-pandemic cohort (3.0 vs. 1.0, p < 0.001) (Table 1). Indi-
viduals in the pre-pandemic cohort presented at first Medical 
Oncology consultation, more often with advanced NSCLC 
than individuals in the pandemic cohort (88.2 vs. 77.5%, 
p = 0.006). Otherwise, baseline demographic, pathologic and 
laboratory values for the two groups were similar.

Pembrolizumab treatment

Patients in the pandemic cohort (vs. pre-pandemic cohort) 
were more likely to receive pembrolizumab every 6 weeks 
instead of every 3 weeks (8.1 vs. 0.0%, p < 0.001). No sig-
nificant differences were observed in the time from diagnosis 
of advanced NSCLC to first pembrolizumab infusion (i.e., 
time to treatment), median number of pembrolizumab doses 
administered, or receipt of post-progression treatments in 
the two groups.

Telemedicine

Telemedicine use was higher in the pandemic than pre-
pandemic group. Individuals in the pandemic cohort were 
more likely to be assessed by telemedicine (vs. in-person) 
for the initial consultation (36.9 vs. 8.6%, p < 0.001). The 
rate of remote appointments during the 3-month interval 
after starting pembrolizumab was 3.25 times greater (rate 
ratio = 95% CI 2.61–4.07, p < 0.001) in the pandemic than 
pre-pandemic group.

Diagnosis of advanced NSCLC patients with PD-L1 
TPS ≥ 50%

The average number of newly diagnosed advanced 
NSCLC cases with high PD-L1 expression per 3 month 
interval in 2018 and 2019 (baseline) was compared to simi-
lar three month intervals starting March 2020 (pandemic 
period.) The rates for new cases were lower from March to 
May 2020 (rate ratio = 0.52, 95% CI 0.40–0.73) and Septem-
ber to November 2020 (rate ratio = 0.72, 95% CI 0.54–0.97) 
than corresponding intervals in 2018–2019. However, the 
rates for new cases stabilized in June to August 2020 (rate 
ratio = 0.94, 95% CI 0.72–1.23) and December 2020 to Feb-
ruary 2021 (rate ratio = 0.94, 95% CI 0.81–1.11) compared 
to baseline.

Changes in clinical management due 
to the COVID‑19 pandemic

In the pre-pandemic cohort, 198 patients were alive after 
March 10, 2020. Nineteen of 198 patients (9.5%) had at least 
one alteration in management resulting from the pandemic, 
most commonly a delay in administration of ongoing chemo-
therapy (seven patients). Further, 14 of 111 patients (12.6%) 
in the pandemic cohort had oncologic care changed due to 
the pandemic: use of extended interval pembrolizumab dos-
ing (eight patients), delay in ongoing pembrolizumab treat-
ment (three patients), and delay in follow-up imaging (three 
patients).

Safety

Reverse Kaplan–Meier median follow-up times for patients 
in the pre-pandemic and pandemic groups were 38.6 month 
and 12.4 months, respectively. In the entire cohort of 528 
patients during all follow-up, 230 (43.5%) patients experi-
enced any irAE and 76 (14.4%) patients developed an irAE 
grade ≥ 3 (Tables 2, 3). 1.6% (5/309) of patients alive on or 
after March 11, 2020, were diagnosed with SARS-CoV-2 
infection: three patients in the pre-pandemic cohort and two 
patients in the pandemic cohort. One patient died as a result 
of COVID infection.

As shown in Table  4, the risk of irAE grade ≥ 3 
were numerically lower in the pandemic cohort but not 

Diagnosed with advanced NSCLC with
PD-L1 ≥50% between June 2015 to December 2019 or 
11 March 2020 to March 2021 (n=1627)

Excluded 
• Driver mutation (n=326)
• Pembrolizumab not given due to poor 

ECOG performance status at initial 
consultation, clinical deterioration between 
initial consultation and first treatment, or 
comorbidity (n=590)

• Pembrolizumab given in >1st line setting for 
advanced NSCLC (n=106)

• Received pembrolizumab on clinical trial 
(n=9)

• Pembrolizumab given with chemotherapy 
(n=31)

Target population of 565 patients

Excluded 
• Diagnosed with advanced NSCLC between 

June 2015 to December 2019 and received 
pembrolizumab on or after 1 January 2020 
(n=37)

pre-pandemic cohort pandemic cohort
n=417 n=111p

Fig. 1  Flowchart of the study (ECOG Eastern Cooperative Oncology 
Group, n patients, NSCLC nonsmall cell lung cancer, PD-L1 pro-
grammed death ligand 1)



2955Journal of Cancer Research and Clinical Oncology (2023) 149:2951–2961 

1 3

statistically significant at the 6-week (risk ratio = 0.69, 
95% CI 0.28–1.74), 3  month (risk ratio = 0.56, 95% 
CI 0.24–1.30), and 6 month (risk ratio = 0.48, 95% CI 
0.22–1.05) landmarks. A sensitivity analysis excluding 
patients who died before each landmark yielded simi-
lar findings (Supplementary Table 1). Furthermore, on 
multivariable logistic regression the odds of develop-
ing a high grade irAE were not significantly different 
in the two cohorts at the 6-week (odds ratio, OR 0.62, 
95% CI 0.17–1.75; p = 0.41), 3 month (OR = 0.56, 95% 
CI 0.18–1.39; p = 0.25), and 6 month (OR = 0.49, 95% 
CI 0.18–1.12; p = 0.12) landmarks (Table 5). A sensitiv-
ity analysis excluding poor prognosis patients who died 
before each landmark yielded similar results (Supplemen-
tary Table 2).

Survival outcomes

At last follow-up, 114/417 patients (27.3%) were alive 
in the pre-pandemic group and 62/111 patients (55.9%) 
were alive in the pandemic group. 5/528 patients (0.95%) 
in the total cohort were lost to follow-up. Median OS was 
numerically higher for patients in the pandemic than pre-
pandemic group (17.8 months and 13.2 months; p = 0.34) 
but results were not significant (Fig. 2). Similarly, PFS 
was not significantly different between the pandemic 
and pre-pandemic groups (12.3 months vs. 7.0 months; 
p = 0.072). On multivariable analysis, ECOG performance 
status 2/3 (vs. 0/1, hazard ratio, HR = 2.3, 95% CI 1.9–2.9; 
p < 0.001) and serum NLR ≥ 6.4 (vs. < 6.4, HR = 1.8, 95% 
CI 1.5–2.3; p ≤ 0.001) were associated with shorter OS 

Table 1  Baseline characteristics, telemedicine use, and, treatment received of patients in the pre-pandemic and pandemic cohorts

CCI Charlson Comorbidity Index, n patients, NLR neutrophil to lymphocyte ratio

Characteristic Pre-pandemic
n = 417

Pandemic
n = 111

p

Age (median in years, range) 70.1 (63.1–76.1) 71.2 (64.7–76.2) 0.12
Male gender, n (%) 206 (49.4) 46 (41.4) 0.17
Histology, n (%)
 Squamous histology 86 (20.6) 23 (20.7) 1.00
 Non-squamous 331 (79.4) 88 (79.3)

CCI (median, range) 1.0 (1.0–3.0) 3.0 (2.0–4.0) < 0.001
ECOG performance status, n (%)
 0/1 250 (60.0) 72 (64.9) 0.41
 2/3 167 (40.0) 39 (35.1)

Active autoimmune disease, n (%) 23 (5.5) 6 (5.4) 1.00
Presence of brain metastases, n (%) 60 (14.4) 23 (20.7) 0.14
Smoking status, n (%)
 Non-smoker 31 (7.4) 9 (8.1) 0.91
 Active/former smoker 386 (92.6) 102 (91.9)

Stage at presentation, n (%)
 IA 7 (1.7) 5 (4.5) 0.022
 IB 4 (1.0) 1 (0.9)
 II 13 (3.1) 11 (9.9)
 IIIA 25 (6.0) 8 (7.2)
 IIIB 51 (12.2) 13 (11.7)

IV 317 (76.0) 73 (65.8)
Received adjuvant chemotherapy, n (%) 16 (3.8) 7 (6.3) 0.29
Radiotherapy delivered within 1 year prior to first pembrolizumab treatment, n (%) 243 (58.3) 66 (59.5) 0.91
Serum NLR ≥ 6.4, n (%) 160 (38.4) 42 (37.8) 1.00
Pembrolizumab given every 6 weeks, n (%) 0 (0) 9 (8.1) < 0.001
Time to treatment (median, range) 61.0 (45.0–84.0) 61.0 (45.3–83.0) 0.50
Pembrolizumab doses (median, range) 7.0 (3.0–19.0) 8.0 (3.0–15.0) 0.75
Post-progression chemotherapy, n (%) 84 (26.1) 11 (20.0) 0.34
Initial appointment by telemedicine, n (%) 36 (8.6) 41 (36.9) < 0.001
Number of follow-up appointments by telemedicine within 3 months of starting pem-

brolizumab (median, range)
0.0 (0.0–0.0) 2.0 (1.0–3.0) < 0.001
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while being an active/former smoker (vs. non-smoker, 
HR = 0.67, 95% CI 0.45–0.99; p = 0.046) was associ-
ated with improved OS. No association between treat-
ment period with pembrolizumab (before vs. during the 
COVID-19 pandemic) and OS was observed (Fig. 3).

Discussion

At the onset of the COVID-19 pandemic, significant alter-
ations in cancer care delivery were required to minimize 
SARS-CoV-2 infection but still provide access to essential 
oncologic treatments. In this comprehensive analysis, we 
retrospectively evaluated the safety and survival outcomes 
for patients with advanced NSCLC receiving pembroli-
zumab before and during the pandemic. Remarkably, only 
1.8% of patients treated with pembrolizumab on or after 
March 11, 2020, tested positive for COVID-19 disease. 
During the pandemic, telemedicine and extended interval 
immunotherapy dosing were both used more frequently. 
Receipt of pembrolizumab in the pandemic cohort was not 
associated with a higher risk of severe immune toxicity 
compared to the pre-pandemic cohort. Importantly, median 
OS and PFS were similar between the two groups.

Telemedicine utilization significantly increased during 
the pandemic. For instance, the proportion of new patient 
consultations conducted via telemedicine increased four-
fold and telemedicine follow-up appointments within the 
first 3 months after starting pembrolizumab were 3.25 
times higher than in the pre-pandemic cohort. While tel-
emedicine permits physical distancing thereby reducing 
exposure to SARS-CoV-2, it is unclear whether remote 
consultations allow the practitioner to accurately assess for 
changes in performance status, symptoms of disease pro-
gression, and treatment toxicities (Elkaddoum et al. 2020). 
For instance, cutaneous irAE are common with immune 
checkpoint inhibitors and can include maculopapular 
eruptions, interface dermatitis (i.e., lichenoid dermatitis 
or psoriasis), granulomatous dermatitis (i.e., sarcoidal 
granulomatous dermatitis), and immunobullous reactions 
(i.e., bullous pemphigoid; Ellis et al. 2020). Determining 
the type and severity of dermatitis could be more chal-
lenging when conducting a clinical assessment remotely. 
Moreover, the severity of unrecognized and untreated irAE 
tends to worsen with continued pembrolizumab infusions.

Table 2  Immune-related adverse events (irAE) grade ≥ 3 experienced 
by 70 patients in the pre-pandemic cohort (n = 417) during all follow-
up

irAE Grade Number of 
patients

Percentage of pre-
pandemic cohort 
(%)

Adrenal insufficiency 3 1 0.24
Arthralgia 3 1 0.24
Colitis 3 12 2.88
Colitis 4 2 0.48
Colitis 5 1 0.24
Dermatitis 3 8 1.92
Encephalitis 3 1 0.24
Hematologic 4 1 0.24
Hepatitis 3 16 3.84
Hepatitis 4 1 0.24
Hepatitis 5 1 0.24
Hypophysitis 3 1 0.24
Hypothyroidism 3 1 0.24
Idiopathic thrombocy-

topenic purpura
3 1 0.24

Myasthenia gravis 3 1 0.24
Myocarditis 3 1 0.24
Myositis 3 2 0.48
Nephritis 3 4 0.96
Pancreatitis 3 2 0.48
Pericarditis 3 2 0.48
Pneumonitis 3 8 1.92
Pneumonitis 4 1 0.24
Pneumonitis 5 1 0.24

Table 3  Immune-related adverse events (irAE) grade ≥ 3 experienced 
by 6 patients in the pandemic cohort (n = 111) during all follow-up

irAE Grade Number of 
patients

Percentage of pan-
demic cohort (%)

Colitis 3 1 0.90
Dermatitis 3 2 1.80
Hepatitis 3 1 0.90
Pneumonitis 3 1 0.90
Pneumonitis 5 1 0.90

Table 4  The incidence of high grade immune-related adverse 
events ≥ grade 3 in the pre-pandemic (n = 417) and pandemic 
(n = 111) cohorts at the 6-week, 3-month, and 6-month landmarks

CI confidence interval, n patients

Time from 
pembroli-
zumab 
initiation

Pre-pandemic 
cohort
n (%)

Pandemic cohort
n (%)

Risk ratio
95% CI

6 weeks 23 (5.5) 4 (3.6) 0.69 (0.28–1.74)
3 months 36 (8.6) 5 (4.5) 0.56 (0.24–1.30)
6 months 50 (12.0) 6 (5.4) 0.48 (0.22–1.05)
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To our knowledge, this is the first report comparing the 
safety of pembrolizumab for advanced NSCLC before and 
during the COVID-19 pandemic. We examined high grade 
adverse events as these are clinically important and demon-
strate greater concordance in interobserver assessment than 
grade one or two irAE (Hsiehchen et al. 2019). Despite rapid 
and extensive changes in healthcare delivery, we did not 
observe any differences in the incidence of high grade irAE 
amongst the two cohorts. On multivariable logistic regres-
sion, treatment with pembrolizumab during the pandemic 
was not associated with the development of severe irAE at 
multiple landmarks. It is also noteworthy that the incidence 
of fatal irAE in the pandemic cohort was low (1 patient).

Between March 2020 and March 2021, the cumulative 
incidence of COVID-19 disease in British Columbia and 
Canada was 1.5% and 2.3%, respectively (Government of 
Canada 2022). By comparison, 1.8% (2/111) of patients 
treated with pembrolizumab on or after March 11, 2020, in 
the current study developed SARS-CoV-2 infection. Early 
on in the pandemic, BC Cancer proactively implemented 

strategies to reduce the risk of virus transmission amongst 
patients and healthcare workers (BC Cancer 2020). Key 
components of this policy (aside from a shift to virtual 
consultation and follow-up assessments) included: use of 
personal protective equipment, screening patients (both the 
day before and the day of their cancer clinic appointment) 
for symptoms of COVID-19 disease, and restricting building 
access to healthcare providers and patients. These findings 
could provide reassurance to patients with thoracic malig-
nancies who are reluctant to start immunotherapy due to 
safety concerns as a result of the ongoing pandemic.

We observed significant declines in the number of new 
advanced NSCLC cases with PD-L1 TPS ≥ 50% between 
March and May 2020 (48% reduction) and September and 
November 2020 (28% reduction) compared to similar time 
intervals in 2018 and 2019. These timepoints correspond to 
the first and second waves of COVID-19 in British Colum-
bia. As approximately 25% of advanced NSCLC have high 
PD-L1 expression, these findings suggest a general reduction 
in pathologic diagnoses of all lung cancers. A retrospective 

Table 5  Univariable and multivariable analysis of factors associated with development of immune-related adverse events (irAE) ≥ grade 3 by the 
(A) 6-week, (B) 3-month, and (C) 6-month landmarks (n = 528)

CCI Charlson Comorbidity Index, CI confidence interval, ECOG Eastern Cooperative Oncology Group performance status, irAE immune-
related adverse events, OR, odds ratio

Characteristic Univariable Multivariable

OR (95% CI) p OR (95% CI) p

(A) Total of 27 irAE ≥ grade 3
Age (< 75 years vs. ≥ 75) 1.66 (0.72–3.62) 0.21 1.72 (0.74–3.84) 0.19
Gender (female vs. male) 0.53 (0.22–1.18) 0.13 0.52 (0.21–1.19) 0.14
CCI (per unit increase) 0.93 (0.74–1.12) 0.49 0.96 (0.76–1.18) 0.74
Smoking status (never vs. active/former) 0.45 (0.16–1.58) 0.15 0.55 (0.19–2.03) 0.31
ECOG performance status (0/1 vs. 2/3) 1.08 (0.48–2.35) 0.85 1.04 (0.46–2.30) 0.92
Squamous histology (present vs. absent) 1.37 (0.53–3.19) 0.49 1.44 (0.54–3.45) 0.44
Pre-pandemic vs. pandemic pembrolizumab administration 0.64 (0.18–1.71) 0.42 0.62 (0.17–1.75) 0.41
(B) Total of 41 irAE ≥ grade 3
Age (< 75 years vs. ≥ 75) 1.24 (0.61–2.39) 0.54 1.34 (0.66–2.65) 0.40
Gender (female vs. male) 0.85 (0.44–1.60) 0.61 0.90 (0.46–1.74) 0.75
CCI (per unit increase) 0.86 (0.71–1.03) 0.12 0.89 (0.72–1.07) 0.25
Smoking status (never vs. active/former) 0.44 (0.18–1.22) 0.083 0.51 (0.20–1.45) 0.17
ECOG performance status (0/1 vs. 2/3) 1.0 (0.51–1.91) 0.99 1.0 (0.51–1.91) 0.99
Squamous histology (present vs. absent) 1.26 (0.57–2.58) 0.54 1.27 (0.56–2.65) 0.55
Pre-pandemic versus pandemic pembrolizumab administration 0.50 (0.17–1.2) 0.16 0.56 (0.18–1.39) 0.25
(C) Total of 56 irAE ≥ grade 3
Age (< 75 years vs. ≥ 75) 0.93 (0.49–1.68) 0.82 1.0 (0.54–1.90) 0.92
Gender (female vs. male) 0.94 (0.54–1.64) 0.84 1.0 (0.56–1.78) 0.99
CCI (per unit increase) 0.84 (0.70–0.98) 0.037 0.88 (0.73–1.03) 0.14
Smoking status (never vs. active/former) 0.53 (0.23–1.35) 0.15 0.59 (0.25–1.55) 0.25
ECOG performance status (0/1 vs. 2/3) 0.93 (0.52–1.64) 0.81 0.93 (0.52–1.66) 0.82
Squamous histology (present vs. absent) 1.18 (0.59–2.23) 0.62 1.20 (0.59–2.32) 0.59
Pre-pandemic versus pandemic pembrolizumab administration 0.42 (0.16–0.93) 0.051 0.49 (0.18–1.12) 0.12
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study in Quebec, Canada, observed a 34.7% decrease in 
all lung cancer diagnosed at a single institution between 
March 2020 and February 2021 (Kasymjanova et al. 2021). 
Similarly, in a bicenter retrospective study from Spain, new 
NSCLC and small cell lung cancer diagnoses were 38% 
lower between January and June 2020 than a baseline period 
of January to June 2019 (Reyes et al. 2021). Reasons for the 
reduction in lung cancer diagnoses could relate to patient 
fears of engaging health services or delays in diagnostic 
imaging and biopsies as healthcare resources were reprior-
itized for a projected surge in severe SARS-CoV-2 infections 
(Gourd 2020).

A number of studies have reported significant disruption 
to oncologic care as a result of the pandemic. For instance, a 
retrospective series from a thoracic oncology unit in Quebec, 
Canada, determined that 57% of patients receiving active 
treatment experienced alterations in clinical management 
due to COVID-19 (most commonly delay or cessation of 
chemotherapy) (Elkrief et al. 2020). Using data from the 
COVID-19 and Cancer Outcome Study, patients with lung 
cancer on active treatment were found more likely to have 
systemic therapy or imaging delays compared to individu-
als with other types of solid tumors (Bhalla et al. 2021). In 
the current study’s setting of a publicly funded cancer care 
institution with consensus-driven management guidelines 
and protocols, disruptions to cancer care were less common. 
For instance, the time from diagnosis of advanced NSCLC 
to first pembrolizumab therapy were similar in the pre-pan-
demic and pandemic cohorts. Through detailed chart review 

we found that pembrolizumab treatments were only delayed 
in 2.7% of patients in the pandemic cohort due to concerns 
about the pandemic. Last, duration of pembrolizumab treat-
ments and receipt of post-progression systemic therapy were 
comparable in the two cohorts. It is plausible that survival 
outcomes (OS and PFS) for patients in the pre-pandemic and 
pandemic groups were similar as access to pembrolizumab 
was prioritized and treatment modifications minimized.

The current analysis provides important insights regard-
ing prognostic factors amongst recipients of pembrolizumab 
for advanced NSCLC in a real world setting. Specifically, the 
studied cohort included patients who were older (median age 
71 years) and had ECOG performance status 2/3 (39%). By 
comparison, the median age of patients enrolled onto KEY-
NOTE-24 was 65 years and individuals with poor ECOG 
performance status were excluded (Reck et al. 2016). Impor-
tantly, under-representation of these subgroups in clinical 
trials contributes to uncertainty regarding the risk–benefit 
ratio of pembrolizumab. Age ≥ 75 years (vs. < 75 years) was 
not associated with OS on multivariable analysis; moreover, 
advanced age was not associated with an increased risk of 
severe irAE. As such, these observations could be helpful 
when counseling older patients about the efficacy and tox-
icity of first-line pembrolizumab for advanced NSCLC. In 
line with other retrospective studies of pembrolizumab for 
advanced NSCLC, ECOG PS was associated with poorer 
prognosis on our multivariable analysis (Sehgal et al. 2021). 
To our knowledge PePS2 a single arm phase 2 trial, is the 

Fig. 2  Kaplan–Meier curves 
of overall survival amongst 
patients with advanced nons-
mall cell lung cancer receiving 
pembrolizumab in the pre-
pandemic and pandemic cohorts
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Fig. 3  Forest plot demonstrating univariable and multivariable Cox 
regression analysis on overall survival with 95% confidence inter-
vals (CI) for total cohort of 528 patients (CCI Charlson Comorbidity 

Index, ECOG Eastern Cooperative Oncology Group, NLR serum neu-
trophil to lymphocyte ratio)
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only prospective study examining the efficacy of pembroli-
zumab (any line) in patients with PD-L1 positive advanced 
NSCLC (Middleton et al. 2020). Importantly, the trial only 
enrolled 60 patients (15 patients with a PD-L1 TPS ≥ 50%). 
Given that approximately 40% of advanced NSCLC patients 
treated in contemporary practice have ECOG performance 
status 2/3, our data contribute insight into outcomes of 
patients encountered in daily practice while we await larger 
prospective trials to clarify the benefits and safety of pem-
brolizumab for advanced NSCLC patients with PD-L1 
TPS ≥ 50%.

This study has several limitations, including patient and 
treatment selection biases inherent in retrospective studies. 
As the study population only included patients receiving 
pembrolizumab monotherapy, the results may not be gener-
alizable to other treatments such as chemotherapy or tyros-
ine kinase inhibitors. Healthcare in British Columbia is pub-
licly funded and further study is required to determine if 
similar findings are observed in regions without a universal 
healthcare system. Last, while we have detailed information 
regarding comorbidities (i.e., Charlson Comorbidity Index 
and history of autoimmune disease), we did not collect infor-
mation regarding baseline medications such as corticoster-
oids which have been associated with reduced efficacy of 
immune checkpoint inhibitors.

Conclusion

The ongoing COVID-19 pandemic has challenged physi-
cians to protect patients from SARS-CoV-2 infection yet still 
provide essential oncologic treatments. In the present study, 
patients with advanced NSCLC treated with pembrolizumab 
before and during the pandemic experienced a similar risk of 
high grade irAE. Furthermore, survival outcomes were com-
parable between the two groups. Our study provides support 
that life prolonging therapies such as pembrolizumab can be 
delivered safely to patients with advanced NSCLC while still 
following strict protocols to reduce the risk of SARS-CoV-2 
transmission. Telemedicine for oncologic consultations and 
follow-up was not associated with inferior toxicity or sur-
vival outcomes, supporting its continued use for selected 
patients beyond the pandemic era.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00432- 022- 04181-0.
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