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Abstract

Objective: The impact of the coronavirus disease 2019 (COVID-19) pandemic on cancer care
remains a concern. We aimed to evaluate access to diagnosis and treatment for lung cancer
during the pandemic.

Methods: Times (days) from lung cancer symptom onset or referral to visit (pre-visit time), from
visit to diagnosis (pre-diagnosis time), and from diagnosis to treatment (pre-treatment time)
during the pandemic were compared with the times during the pre-pandemic period.

Results: The number of patients diagnosed with lung cancer was 82 and 75 during the pandemic
and pre-pandemic periods, respectively. The percentage of patients with advanced-stage cancer
was higher (65.9% vs. 46.7%), the percentage of patients treated with surgery was lower and the
percentage treated with medication was higher (24.4% vs. 41.3% and 57.3% vs. 40.0%, respec-
tively), the pre-visit time was longer (28.2 vs. | 1.4 days), and the pre-treatment time for surgery
was longer (67.3 vs. 45.6 days) during the pandemic compared with the times during the pre-
pandemic period, respectively.

Conclusions: The COVID-19 pandemic resulted in delayed diagnoses, which could have led to
patients being diagnosed with advanced disease. The pandemic also resulted in delayed therapy
owing to the requirement for available intensive care unit beds for emergencies, including surgery.
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Introduction

The consequences of the coronavirus disease
2019 (COVID-19) pandemic on cancer care
are a concern. Patients with thoracic malig-
nancies are at a high risk of mortality.' To
prevent nosocomial transmission among
patients and healthcare providers, visits,
examinations, and procedures were restrict-
ed during the pandemic, and many focused
efforts were underway, including pre-
screening for severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) using
real-time reverse transcription polymerase
chain reaction (RT-qPCR) before hospital-
ization. The increase in the number of
COVID-19 patients shifted the functioning
of hospitals from general practice to
COVID-19 care and decreased the availabil-
ity of intensive care units (ICU) for surger-
ies.” As a result, diagnostic investigations
were abbreviated, and surgical treatment
was replaced by radiotherapy in the
United Kingdom (UK).** Moreover,
patients hesitated to visit hospitals because
they were afraid of becoming infected in the
hospital or outside their homes.’

The period between diagnosis and treat-
ment is associated with mortality in cancer.®
In lung cancer, disease progression because
of delayed treatment can reduce the chance
of surgery.” The delay until treatment can
be because of patient- or doctor-related rea-
sons. The former comprises the time from
the onset of symptoms or referral by prima-
ry clinics to the visit to specialized hospitals,
and the latter comprises the diagnostic pro-
cess and waiting time for treatment.

This study aimed to assess the impact of
the COVID-19 pandemic on delayed visits,
examinations, and treatments for lung
cancer.

Methods

Study population, follow-up time, and
ethical consent

The medical charts of patients with lung
cancer from the Tokyo Dental College,
Ichikawa General Hospital were analyzed
retrospectively. The hospital is a 570-bed
healthcare facility that offers diagnostic pro-
cedures, including bronchoscopy and image-
guided percutanecous biopsy; examinations
for cancer staging; and treatments, namely
surgery, irradiation, and medication. The
hospital also offers diagnostic tests for
COVID-19 using RT-gPCR and medical
care for hospitalized patients with COVID-
19. There were no outbreaks or transmis-
sions in our hospital among the medical
staff and patients during the study period.

This study was approved by the ethics
committee of the Tokyo Dental College
(reference number: I 21-27), and the study
was conducted in accordance with the
tenets of the Declaration of Helsinki. The
requirement for informed consent was
waived owing to the retrospective nature
of this study.

The first case of COVID-19 in Japan was
confirmed in January 2020. Since February
2020, preventive measures, such as hand
washing, social distancing, and universal
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masking, have been implemented. The first
case of COVID-19 was confirmed and
admitted to our hospital in March 2020.
Therefore, we defined the period affected
by the COVID-19 pandemic as March
2020 to March 2021. Patients newly diag-
nosed with lung cancer during this period
were compared with patients diagnosed
during the pre-pandemic period of March
2018 to March 2019. Patients with lung
cancer who were diagnosed pathologically
and treated with surgery, irradiation, or
anti-cancer medication were included, and
those without a definitive diagnosis were
excluded. Patients who received best sup-
portive care (BSC) and no anti-cancer treat-
ment were also excluded. The observation
period of this study was up to December
2021, and the follow-up time for therapies
was 9 months from the time of diagnosis.

Definitions of the evaluated time points

The pre-visit time was defined as the number
of days from the date of onset of lung cancer
symptoms, or from the date of referral by
primary clinics or cancer screening facilities
(whichever was earlier) to the date of the
first wvisit to our hospital. The pre-
diagnosis time was defined as the number
of days from the date of the first visit to
the date of pathological diagnosis of lung
cancer. The pre-treatment time was desig-
nated from the date of diagnosis to the
date of surgery, first date of irradiation, or
first date of medication. Therapy was
defined as the first therapy recorded in the
medical charts, and the medications com-
prised cytotoxic drugs, immune-checkpoint
inhibitors, and/or tyrosine kinase inhibitors.

Statistical analysis

Data are presented as mean + standard
deviation. The Mann—Whitney U-test was
performed to assess differences between
continuous variables during the pandemic

and pre-pandemic periods. Subgroup anal-
yses for non-small cell lung cancer (NSCLC)
and small-cell lung cancer (SCLC), and
early- (I/II/IITA) and advanced-stage
(IIIB/IIIC/IV) lung cancer were performed
as the standard treatment was decided based
on the histology and the stage. Categorical
variables were tested using the y* distribu-
tion with Pearson’s correction. Statistical
significance was set at p<0.05. All data
were analyzed using JMP software, version
9.0.2, for Windows (SAS Institute Japan,
Tokyo, Japan).

Results

The number of patients diagnosed with lung
cancer was 90 and 91 during the COVID-19
pandemic (March 2020 to March 2021) and
the pre-pandemic period (March 2018 to
March 2019), respectively. The number of
diagnosed cases was 5 in May, 6 in June,
and 12 in July in 2020, whereas this
number was 8 in May, 8 in June, and 7 in
July in 2018. In the other months, no notice-
able differences in the numbers of patients
between the pandemic and pre-pandemic
periods were observed. The number of
patients included in this study was 82
during the COVID-19 pandemic and 75
during the pre-pandemic period after exclu-
sion of BSC cases (Figure 1). The character-
istics of the patients with lung cancer are
shown in Table 1. There were no differences
in the patients’ age or sex between the pan-
demic and pre-pandemic periods. Although
there was no difference in the number of
NSCLC cases between the two periods, the
number of SCLC cases was higher in the
pandemic period than that in the pre-
pandemic period, resulting in a higher per-
centage of SCLC cases in the pandemic
period than that in the pre-pandemic
period (p=0.035). The percentage of
patients with advanced-stage disease (I11B/
ITIC/TV) was higher during the pandemic
compared with the pre-pandemic period
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Pandemic period

Pre-pandemic period

Lung cancer cases
diagnosed pathologically
(n=90)

Lung cancer cases
diagnosed pathologically
(n=091)

Excluded:
BSC (n=8)

Eligible cases Included
in this study
(n=82)

Excluded:
BSC (n= 16)

Eligible cases Included
in this study
(n=75)

Figure |. Flowchart of the cases diagnosed with lung cancer. Patients who received best supportive
therapy (BSC) were excluded, and only those who received anti-cancer therapies were included, in this

study.

Table I. Patients’ characteristics.

Pandemic period (n =82) Pre-pandemic period (n=75) p
Age (mean £ SD) 71.5+85 71.5+87 0.98
Sex 0.56
Male (%) 59 (72.0) 57 (76.0)
Female (%) 23 (28.0) 18 (24.0)
Subtype 0.035
NSCLC (%) 63 (76.8) 67 (89.3)
SCLC (%) 19 (23.2) 8 (10.7)
Stage 0.015
INI/NA (%) 28 (34.1) 40 (53.3)
NIB/MNC/V (%) 54 (65.9) 35 (46.7)
Therapy 0.027
Surgery 20 (24.4) 31 (41.3)
Chemoradiation 13 (15.9) 8 (10.7)
Radiation 2 (24) 6 (8.0
Medication 47 (57.3) 30 (40.0)
Visit 0.007
Symptomatic 39 (47.6) 20 (26.7)
Referral 43 (52.4) 55 (73.3)

SD, standard deviation; NSCLC, non-small cell lung cancer; SCLC, small-cell lung cancer.

(65.9% vs. 46.7%, respectively; p=0.015).
The percentage of patients treated with sur-
gery was lower, and the percentage of
patients treated with medication was
higher, during the pandemic compared
with percentages during the pre-pandemic
period (24.4% vs. 41.3% and 57.3% vs.
40.0%, respectively; p=0.027).

As shown in Table 2, the pre-visit time
was longer by 17 days during the pandemic
than that during the pre-pandemic period
(28.2 vs 11.4 days, respectively). However,
the pre-treatment time was shorter during
the pandemic than that during the pre-
pandemic period. Regarding surgery, the
pre-treatment time of 20 patients during
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Table 2. Time (days) for each process until treatment for lung cancer.
Pandemic period Pre-pandemic period p
All n=282 n=75
Pre-visit time 28.2+39.8 1144225 <0.0001
Pre-diagnosis time 21.5+31.1 179+ 145 091
Pre-treatment time 304 +25.6 35.8+23.1 0.036
Surgery n=20 n=3l
Pre-visit time 98+9.8 94+17.1 0.11
Pre-diagnosis time 42.7 £55.7 21.7£158 0.52
Pre-treatment time 673 +226 45.6 +-23.1 0.0022
Chemoradiation n=13 n=28
Pre-visit time 32.5+46.7 16.04+-24.2 0.49
Pre-diagnosis time 188178 11.6£7.0 0.69
Pre-treatment time 208+ 12.1 23.54+14.0 0.97
Radiation n=2 n==6
Pre-visit time 63.0£86.3 19.8 +:28.8 0.31
Pre-diagnosis time 13.0+7.1 148+ 12.2 0.87
Pre-treatment time 145+7.8 198+ 114 0.97
Medication n=47 n=30
Pre-visit time 33.3+423 10.6 +26.1 0.0001
Pre-diagnosis time 13.61+-8.8 16.3+ 14.6 0.95
Pre-treatment time 18.0£10.8 32.1 +£22.9 0.0066
Stage I/II/IIA n=28 n=40
Pre-visit time 14.54+28.8 76+154 0.0106
Pre-diagnosis time 36.4+489 209+ 15.6 0.72
Pre-treatment time 53.1+28.2 45.24+24.0 0.27
Stage IB/NIC/IV n=>54 n=235
Pre-visit time 35.3+43.0 1544282 0.003
Pre-diagnosis time 13.7£9.1 145+ 125 0.59
Pre-treatment time 18.6+13.5 250+ 16.5 0.10

Data are presented as mean =+ standard deviation.

the pandemic was longer than that of 31
patients during the pre-pandemic period.
Regarding medication, the pre-visit time
was longer, and the pre-treatment time
was shorter, during the pandemic compared
with the times during the pre-pandemic
period. The pre-visit time among both the
early- (I/II/IIIA) and late-stage (IIIB/IIIC/
IV) cancer patients was longer during the
pandemic than that during the pre-
pandemic period. The pre-visit delays
(between the pandemic and pre-pandemic
periods) were 7 days for early-stage (I/11/
IITA) lung cancer and 20 days for late-
stage (IIIb/IIIC/IV) lung cancer. During

the pandemic period, the percentage of
referred cases was lower for late-stage
cancer compared with that of early-stage
cancer (37% vs 82%, respectively).

Table 3 shows the characteristics of the
patients with NSCLC. The percentage of
patients with advanced-stage cancer (IIIB/
IIIC/IV) was higher during the pandemic
than that during the pre-pandemic period
(61.9% vs. 43.3%, respectively; p=0.033).
As shown in Table 4, the pre-visit time was
longer during the pandemic than that during
the pre-pandemic period. Regarding surgery,
the pre-treatment time of 19 patients during
the pandemic was longer than that of 30
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Table 3. Characteristics of the patients with non-small cell lung cancer.

Pandemic period

Pre-pandemic period

(n=63) (n=67) P
Age (mean +SD) 71.4+9.1 722484 0.84
Sex 0.83
Male (%) 46 (73.0) 50 (74.6)
Female (%) 17 (27.0) 17 (25.4)
Stage 0.033
INI/NA (%) 24 (38.1) 38 (56.7)
NIB/MNC/V (%) 39 (61.9) 29 (43.3)
Therapy 0.16
Surgery (%) 19 (30.2) 30 (44.8)
Chemoradiation (%) 8 (12.7) 7 (10.5)
Radiation (%) 2 (3.2) 5 (7.5)
Medication (%) 34 (54.0) 25 (37.3)

SD, standard deviation.

patients during the pre-pandemic period.
Regarding medication, the pre-visit time
was longer, and the pre-treatment time was
shorter, during the pandemic than these
times during the pre-pandemic period. The
pre-visit time among both early-stage (I/11/
IITIA) and late-stage (IIIB/IIIC/IV) lung
cancer patients was longer during the pan-
demic compared with during the pre-
pandemic period.

Table 5 shows the characteristics of the
patients with SCLC. There were no differ-
ences in the stages or treatments between
the pandemic and pre-pandemic periods.
In addition, there were no differences in
the time for each process until treatment
between the pandemic and pre-pandemic
periods (Table 6).

As shown in Table 1, the percentage of
symptomatic patients was higher during the
COVID-19 pandemic compared with the
pre-pandemic period (p=0.007). The per-
centage of referred cases was higher for
patients who underwent surgery compared
with the percentage of patients treated with
medication (90% vs 63%, respectively)
during the pandemic. Symptomatic cases
comprised patients who visited our hospital
directly and those who were referred to our

hospital from clinics they had visited
because of symptoms related to lung
cancer. The referred cases included patients
who were suspected of having lung cancer
after screening examinations or with inci-
dental findings identified through imaging
performed for other purposes. Table 7
shows the time for each process in the symp-
tomatic and referral sub-groups. In the
patients referred from clinics they had visit-
ed because of symptoms, the pre-visit time
was defined as the number of days from the
date of the onset of symptoms to the visit to
our hospital. Although this length of time
was not significantly different between the
pre-pandemic and pandemic periods, the
pre-visit time was longer (49.0 vs 32.3
days), and the pre-treatment time was
shorter, during the pandemic compared
with the pre-pandemic period, respectively,
for symptomatic cases. In the referred cases,
the pre-visit time was longer by 5.6 days
during the pandemic than that during the
pre-pandemic period (p =0.0126).

Discussion
In the present study, we observed that the
pre-visit time was longer during the
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Table 4. Time (days) for each process until treatment for non-small cell lung cancer.
Pandemic period Pre-pandemic period p
All n=463 n=67
Pre-visit time 29.5+41.4 12.1 £23.5 0.0001
Pre-diagnosis time 22.7+ 348 18.1 £14.3 0.64
Pre-treatment time 3524267 37.8+233 0.24
Surgery n=19 n=30
Pre-visit time 102+9.9 9.6+17.3 0.09
Pre-diagnosis time 44.1 £56.8 223+ 15.6 0.6l
Pre-treatment time 69.4 +20.1 46.0+234 0.0011
Chemoradiation n==8 n=7
Pre-visit time 47.1 £55.2 17.7 £25.6 0.27
Pre-diagnosis time 164+ 13.7 11.0£73 0.60
Pre-treatment time 213+ 143 25.1 £ 143 0.82
Radiation n=2 n=>5
Pre-visit time 63.01+-86.3 23.8+30.3 0.43
Pre-diagnosis time 13.0+7.0 10.4+6.3 0.56
Pre-treatment time 145+7.8 172+10.5 0.70
Medication n=34 n=25
Pre-visit time 3421+43.8 11.2+283 0.0004
Pre-diagnosis time 127 +9.6 16.6 - 14.0 0.55
Pre-treatment time 20.54+9.3 35.8+23.1 0.0137
Stage I/II/IIA n=24 n=38
Pre-visit time 16.1 £30.9 80+ 158 0.0182
Pre-diagnosis time 386+51.8 209+ 15.6 0.64
Pre-treatment time 57.7+27.8 458 +£24.5 0.08
Stage IIIB/IIC/IV n=39 n=29
Pre-visit time 37.8+45.1 17.6 304 0.0069
Pre-diagnosis time 128 +£9.6 143+£11.8 0.89
Pre-treatment time 213+ 134 274+ 168 0.23
Data are presented as mean =+ standard deviation.
Table 5. Characteristics of the patients with small-cell lung cancer.
Pandemic period (n=19) Pre-pandemic period (n=8) p
Age (mean £ SD) 71.8+6.5 678+ 11.0 0.38
Sex 0.28
Male (%) 13 (68.4) 7 (87.5)
Female (%) 6 (31.6) I (12.5)
Stage 0.83
IMI/MIA (%) 4 (21.1) 2 (25.0)
HB/NC/IV (%) 15 (79.0) 6 (75.0)
Therapy 0.34
Surgery (%) I (5.3) I (12.5)
Chemoradiation (%) 5 (26.3) I (12.5)
Radiation (%) 0 (0) I (12.5)
Medication (%) 13 (68.4) 5 (62.5)

SD, standard deviation.
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Table 6. Time (days) for each process until treatment for small-cell lung cancer.

Pandemic period Pre-pandemic period p

All n=19 n=28

Pre-visit time 23.8+34.5 55+ 10.0 0.054

Pre-diagnosis time 17.6 £13.0 164+ 17.1 0.35

Pre-treatment time 145+11.8 184+11.8 0.41
Medication n=13 n=>5

Pre-visit time 31.1 £39.6 76+ 126 0.15

Pre-diagnosis time 157+ 6.4 150+ 19.0 0.21

Pre-treatment time 11.44+12.1 13.84+10.1 0.37
Stage IIB/IIC/IV n=15 n=6

Pre-visit time 28.7 +37.5 70+ 113 0.15

Pre-diagnosis time 16.1 £7.2 152£17.0 0.29

Pre-treatment time I1.6+11.2 13.5+9.1 0.46

Data are presented as mean = standard deviation.

Table 7. Time (days) for each process until treatment for the symptomatic and referral cases.

Pandemic period Pre-pandemic period P

Symptomatic n=39 n=20

Pre-visit time 49.0+47.7 3234354 0.13

Pre-diagnosis time 145+ 11.3 15.5+£139 0.74

Pre-treatment time 200+ 18.1 30.8+£254 0.12
Referral n=43 n=>55

Pre-visit time 93+152 37+53 0.0126

Pre-diagnosis time 27.8+40.8 188+ 14.8 0.79

Pre-treatment time 39.8+27.38 37.6 £22.1 0.88

Data are presented as mean =+ standard deviation.

pandemic than that during the pre-
pandemic period. The percentage of patients
treated with surgery was lower, and the pre-
treatment time before surgery was longer,
during the pandemic compared with the
pre-pandemic period. Conversely, the pre-
treatment time for medication was shorter
during the pandemic than that during the
pre-pandemic period. To our knowledge,
this is the first report showing the number
of days of delay, including the delay for each
process, from symptom onset to treatment,
during the COVID-19 pandemic.

Although we had expected fewer patients
diagnosed with lung cancer during the pan-
demic, there was no difference in the

number of patients between the pandemic
and pre-pandemic periods. This finding
was similar to a study from Korea showing
that there were no differences in the number
of patients with lung cancer before and
after the COVID-19 pandemic.’ However,
a slight reduction was observed in the
number of newly diagnosed lung cancer
cases during the pandemic in Italy.” One
possibility for this difference could be the
differential magnitude of pandemic cases
between countries. However, it was difficult
to explain why the number of patients with
SCLC was higher during the pandemic
compared with the pre-pandemic period,
in our study. No differences were observed
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when the analysis was limited to patients
with NSCLC. To exclude the effects of
SCLC, we analyzed the data for NSCLC
and SCLC patients separately.

The percentage of referred cases was
lower during the pandemic than the per-
centage of cases pre-pandemic, similar to
the findings of a previous report suggesting
more symptomatic cases with newly diag-
nosed breast cancer.®” The reason for the
reduction may be attributed to the decline
in the number of screenings. For the
referred cases, the longer pre-visit time of
5.6 days during the pandemic was because
of the restricted visits to the hospital.
The overall pre-visit time during the pan-
demic was 17 days longer than that during
the pre-pandemic period. A pre-visit delay
was observed in patients treated with med-
ication, but not with surgery. The reason
for the lack of a pre-visit delay with surgery
was attributed to the higher percentage of
cases referred for surgery compared with
the percentage treated with medication
(90% vs 63%, respectively) during the pan-
demic. The pre-visit delay (between the pan-
demic and pre-pandemic periods) was 7
days for early-stage (I/II/IIIA) lung cancer
and 20 days for late-stage (IIIB/IIIC/IV)
lung cancer. The reason for the longer
delay in the late-stage patients was owing
to the lower percentage of referred cases
(37%) compared with the percentage of
referred early-stage patients (82%). It is
possible that some patients were diagnosed
at a more advanced stage because of disease
progression during the pre-visit delay,
resulting in less chances of undergoing
surgery.

There are some possible reasons for the
pre-visit delay identified in this study. The
collateral effects of COVID-19 affected
both patients and hospitals. One possibility
is that the delay was caused by patients who
hesitated to visit the hospital to avoid con-
tracting COVID-19 infection.” Another
possibility is that the delay was caused by

the hospital regarding referred cases. Access
to hospital services was limited during the
pandemic because of the shift of functions
from the care of patients with cancer to
those with COVID-19."” The number of
appointments was limited to prevent over-
crowding and transmission in the hospital,
which resulted in a decreased number of
visits. Additionally, the shift of functions
led to decreased activity in the operating
rooms and ICUs, resulting in a pre-
treatment delay in patients with lung
cancer.”'" Screening PCR and chest com-
puted tomography (CT) scans prior to sur-
gery are effective in preventing COVID-19
transmission.'> These preventive screening
tests were performed in our hospital,
which may be another possible cause of
the pre-treatment delay. However, the pre-
treatment delay for patients with advanced
stages of lung cancer was shorter during the
pandemic compared with the pre-pandemic
period. It is possible that the pre-visit delay
led to the need for urgent medical therapy.
In Canada, many patients with advanced
lung cancer were forced to experience
delays in chemotherapy as a direct result
of the COVID-19 pandemic.'® In contrast,
the present study showed a shorter pre-
treatment time, indicating that medical
therapies were not influenced by the
COVID-19 pandemic. One reasons for the
activity in the pulmonary department not
decreasing during the pandemic in our
study was that there was no outbreak in
our hospital.

The delay from cancer diagnosis to sur-
gery has been reported to influence progno-
sis. The survival rate of patients was shorter
for those who underwent treatment within
90 to 120 days from diagnosis compared
with those who underwent treatment
within 0 to 30 days.® It was unclear whether
a pre-treatment delay of 69 days, as shown
in our study, would induce a poor progno-
sis. Conversely, the time between preopera-
tive diagnostic CT imaging and surgical
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treatment was reported to be associated
with an increased risk of recurrence.'*
Patients who underwent surgical treatment
within 12 weeks of diagnosis had better
overall survival than those who underwent
procedures that were delayed for more than
12 weeks.'* The total of 123 days for pre-
visit, pre-diagnosis, and pre-treatment times
encountered by patients in our study under-
going surgery could increase the risk of
recurrence or poor prognosis in the future.

A limitation of our study is the inclusion
of a small number of patients from a single
hospital. Although a study in Italy showed
no significant delays from the onset of
symptoms to diagnosis or treatment,’ it
was difficult to conclude whether the results
of this study have implications for other
areas or countries because there are sub-
stantial differences in the severity of the
pandemic and in medical systems between
countries. Further studies involving a larger
number of patients in multiple hospitals are
needed to confirm diagnostic and treatment
delays resulting from the COVID-19 pan-
demic. Another limitation is that it is
unclear how much the delay shown in our
study may influence the prognosis of
patients in the future. Analyses of the
patients’ survival times will answer this
question. Our data from the patients’ med-
ical charts did not show the reason for the
pre-visit delays we identified in this study.
Analyses of the reasons are needed to
improve the assessment of collateral effects
of the pandemic.

In conclusion, this study showed that the
COVID-19 pandemic resulted in delays in
diagnosis; possibly leading to more patients
being diagnosed with advanced disease. The
pandemic also resulted in a delay in therapy
owing to the requirement for the availabil-
ity of ICU beds in case of emergencies, such
as for surgery. Medical care providers need
to assess the collateral effects of the
COVID-19 pandemic on service delivery
for patients with lung cancer.
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