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ABSTRACT

Objectives: The COVID-19 pandemic’s impact on the healthcare system
resulted in decreased rates of screening, diagnosis, and treatment of
lung malignancies. Long-term longitudinal studies are needed to analyze
resultant stage migration.

Materials and Methods: Retrospective cohort study of patients diagnosed
with a primary thoracic malignancy (lung, main bronchus, hilum, and carina)
who received first-course therapy at a single institution. Clinical and
pathological staging values were compared utilizing 12 and 22-month
timeframes before (pre-COVID-19) and after (post-COVID-19) the outbreak

of the pandemic.

Results: A total of 1,002 patients with clinical stage O to IV and 538 patients
with pathological stage O to IV were analyzed in the pre-COVID-19 and
post-COVID-19 populations. Between the 12-month pre- and post-COVID-
19 groups, clinical T4 significantly increased (+9.68%). In the 22-month pre-
and post-COVID-19 groups, clinical T2 decreased (-7.15%) and T4 increased
(+11.53%), pathological T2 decreased (-8.97%) and T4 increased (+8.89%),
clinical N2 increased (+6.26%), pathological NO decreased (-9.22%) and
N2 increased (+8.91%), clinical MO decreased (-8.47%) and M1 increased
(+8.47%), pathologic MO decreased (-11.23%) and M1 increased (+11.23%),
clinical stage Il decreased (-4.28%) and IV increased (+7.78%), and pathologic
stage Il decreased (-8.06%) and stage IV increased (+11.08%).

Conclusions: Following the COVID-19 pandemic, significant decreases in
the number and availability of lung cancer screenings emerged. This study
found statistically significant stage migration at initial diagnosis, particularly
when analyzing lengthened time periods of 22 months post-COVID-19
compared to 12 months. Stage migration following the COVID-19 pandemic
appears to become more distinguished over time.

Keywords: Thoracic malignancies, lung cancer, COVID-19, pandemic,
stage migration
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Introduction

On March 11, 2020, the World Health Organization
(WHO) declared the global COVID-19 pandemic, a
disease caused by a novel enveloped RNA
betacoronarvirus named severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2)." Since then,
the virus has produced unforeseen consequences
for the United States healthcare system caused by
the reallocation of resources and additional efforts
aimed to contain the spread of disease. Specifically,
the pandemic lockdown and ensuing waves
significantly decreased rates of screening, diagnosis,
and treatment for several different cancer types,

including lung cancer.??

As the second most common cancer and leading
cause of cancer death in the United States, timely
lung cancer screenings are critical for obtaining
early-stage diagnosis, and therefore better prognosis
with amenable treatment response.* However, to
mitigate risks of exposing vulnerable patients and
to adapt to evolving pandemic circumstances, it
was deemed appropriate to defer screening and
lung nodule investigations during the COVID-19
pandemic.® As a likely subsequent result, a decrease
in the number of biopsies and newly identified
thoracic malignancies emerged.®’ Newly discovered
evidence suggests these effects caused by the
COVID-19 pandemic are now resulting in significant
advancements in initial stage at presentation of lung
cancer compared to pre-COVID-19 time periods.®
" Alternatively, there are also contrary reports which
did not identify any significant changes in stage at
presentation of lung cancers post-COVID-19. These
conflicting results may be explained by an increase
in incidental early tumor stage detection due to
diagnostic workup related to COVID-19 infection.”™"

To thoroughly analyze the effects of the COVID-19
pandemic on stage migration of thoracic malignancies
such as lung cancer, long-term longitudinal studies
are required. The investigation of the comprehensive
association of the COVID-19 pandemic and lung
cancer stage migration has been limited by restricted
pre- and post-COVID-19 observation periods of 4-

13 months while the pandemic progressed.? 141617
This study aims to evaluate pre- and post-COVID-
19 outbreak data of extended time periods up to
22 months, which captures the results of the initial
COVID-19 wave, delta wave, and omicron wave. We
hypothesize there will be significant advancement
in clinical and pathological staging in patients who
presented with thoracic malignancies (specifically
lung, main bronchus, hilum, and carina) in the post-
COVID-19 period compared to those who presented
pre-COVID-19 due to the pandemic’s extensive

impact on the healthcare system.

Materials and Methods

After receiving institutional review board approval,
a retrospective analysis was completed for Miami
Cancer Institute (MCI) patients diagnosed with a
primary thoracic malignancy at Baptist Hospital
South Florida (BHSF)/MCI that had all or part of
their first-course therapy at BHSF/MCI. Thoracic
malignancies investigated in the study include
cancers of the upper, middle, and lower lung lobes,
main bronchus, hilum, and carina. The analysis aimed
to compare 2 populations — patients with a diagnosis
date before (pre-COVID-19) and after (post-COVID-
19) the onset of the pandemic. Data available via
the American College of Surgeon's National Cancer
Database (NCDB) Participant User Files (PUF's) was
extracted from the Miami Cancer Institute's Cancer
Data Registry. Demographic data as well as diagnostic
data including diagnosis date, topography code, and
histology were collected. AJCC 8" edition TNM
pathological and clinical staging data, as well as clinical
and pathological grade data, were also collected.

Clinical and pathological diagnosis staging values
were compared 22 months pre-COVID-19 (05/01/
2018 - 02/29/2020) and 22 months post-COVID-19
(04/01/2020 - 01/31/2022). Diagnoses from 03/01/
2020 - 03/31/2020 were not included in the analysis
as this date range was identified as the start of the
COVID-19 pandemic and would disproportionally
skew the data. A secondary comparison was
completed for diagnosis dates 12 months pre-COVID-
19 and 12 months post-COVID-19. The secondary 12-
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month sub-analysis was performed to account for
possible staging value increases diagnosed closer
to the COVID-19 pandemic start.

Descriptive statistics were used to describe and
compare the study population between pre-COVID-
19 and post-COVID-19 periods. Frequencies and
percentages were used to describe the population.
Comparison of pre-COVID-19 and post-COVID-19
periods was done using Chi-square test. SAS version
9.4 was used for data analysis. Statistical significance
was set at P<0.05 and all tests were two-tailed.

Results focused on the association of the COVID-19
pandemic as it relates to appropriate clinical and
pathological staging. Based on anecdotal data, it was
hypothesized that clinical and pathological staging
values would be higher at diagnosis post-COVID-
19 due to resource restriction and decreased
utilization of elective or preventative healthcare
caused by the pandemic.

Results
There were 1,129 patients diagnosed with a primary,

malignant thoracic cancer (lung, main bronchus,

hilum, and carina) from 05/01/2018 - 02/29/2020
and 04/01/2020 - 01/31/2022. Within this population,
127 patients did not have a clinical stage documented
and 591
documented, accounting for 11.25% and 52.35%

of the population, respectively. The missing data is

did not have a pathological stage

explained by the cancer registry data collecting
procedures. Specifically, cancer registry data collection
is retrospective and abstracted once, after diagnosis,
limiting data availability. Therefore, this population
was excluded due to the lack of staging present at
the time of cancer registry patient abstraction. A
greater number of patients were excluded from the
pre-COVID-19 population due to missing pathological

stages.

The remaining 1,002 patients with clinical stage O to
IV and 538 patients with pathological stage 0 to IV
were compared and analyzed. Statistically significant
differences in the demographic variables for the
pre-COVID-19 and post-COVID-19 populations are
denoted in Table 1.

Table 1: Demographic Variables

22 months Pre vs. 22 months Post COVID-19

Female
Male
Asian Indian
Black
Other
Other Asian
Unknown
White
Ethnicity
Cuban

Dominican Republic

Mexican
Non-Spanish
Other Spanish

Pre COVID-19
(585 unique patients)

Sex p value = 0.5165

Post COVID-19
(555 unique patients)

48.89%

51.11%

p value = 0.0529

50.81%
49.19%

0.00% 0.18%
4.10% 6.49%
1.03% 1.26%
1.54% 0.90%
0.68% 2.34%
92.65% 88.83%
p value = 0.0470
30.43 35.50
0.51 0.36
0.34 0.90
35.73 35.86
0.85 0.54
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Puerto Rican
South or Central American

Spanish, NOS; Hispanic
Unknown Whether Spanish

Ins Status Unk
Ins, NOS
Managed Care Provider
Medicaid
Medicaid Administered
Medicare w/ Medicaid
Medicare w/o Supp Ins
Medicare w/ Private Ins
Medicare w/ Supp Ins
Medicare-administered
Not Insured
Not Insured, Self-pay
Private Ins: Family
Tricare

Veterans Affairs

1.20 1.62

8.89 10.81
21.71 13.87

0.34 0.54

p value = 0.0441

1.71% 1.08%
4.79% 3.60%
29.62% 31.89%
0.68% 1.44%
3.25% 3.24%
2.23% 2.34%
11.47% 5.95%
1.54% 1.26%
22.95% 24.86%
17.64% 21.98%
1.20% 0.90%
2.05% 1.26%
0.68% 0.00%
0.17% 0.00%
0.00% 0.18%

Caption: Comparison of demographic variables (sex, race, ethnicity, and payer) between 22 months pre- and post-

COVID-19 populations. Underlined p-value indicates statistical significance.

22 MONTHS PRE- AND POST-COVID-19
In the analysis of patients diagnosed 22 months
pre-COVID-19 and 22 months post-COVID-19, there

was a statistically significant decrease (-7.15%)

between those diagnosed with clinical T2 (Table 2)
and a statistically significant increase (+11.53%) for
those diagnosed with clinical T4 (Table 2). Also noted
was a statistically significant decrease (-8.97%)
between those diagnosed with pathological T2 (Table
3) and a statistically significant increase (+8.89%)
for those diagnosed with pathological T4 (Table 3).

There was a statistically significant increase (+6.26%)
between the number of patients diagnosed with
clinical N2 (Table 2), a statistically significant decrease
(-9.22%) for those diagnosed with pathological NO
(Table 3), and a statistically significant increase
(+8.91%) for those diagnosed with pathological N2
(Table 3).

There was a statistically significant decrease (-8.47%)
of patients diagnosed with clinical MO (Table 2) and
a statistically significant increase (+8.47%) for those

© 2024 European Society of Medicine

diagnosed clinical M1 (Table 2). Also noted was a
statistically significant decrease (-11.23%) of patients
diagnosed with pathological MO (Table 3) and a
statistically significant increase (+11.23%) for those
diagnosed with pathological M1 (Table 3).

Within the patient population, there was a
statistically significant decrease (-4.28%) between
those diagnosed with clinical stage Il (Figure 1) and
a statistically significant increase (+7.78%) for those
diagnosed with clinical stage IV (Figure 1). There
was also a statistically significant decrease (-8.06%)
between those diagnosed with pathological stage
Il (Figure 2) and a statistically significant increase
(+11.08%) for those diagnosed with pathological
stage IV (Figure 2).

Patients with both clinical and pathological T, N,
and M values were further compared to determine
if there were disparities between the diagnosed
clinical and pathological T, N, and M staging values.
Table 4 can be referenced for the population

stratification.



Table 2: Clinical AJCC TNM Values Pre vs. Post COVID-19

TO
T1

T2
T3
T4

NO
N1

N2
N3
MO
M1

22 months Pre vs. 22 months Post 12 months Pre vs. 12 months Post
COVID-19 COVID-19
Pre Post Pre Post
p value p value
COVID-19 COVID-19 COVID-19 COVID-19
(505 unique (497 unique (267 unique (275 unique
patients) patients) patients) patients)

1.06%
41.01%
23.68%
16.07%
18.18%
47.61%

7.48%
29.94%
14.97%
55.49%
44.51%

0.63% 0.468 0.79%
37.87% 0.320 41.27%
16.53% 0.005 22.62%
15.27% 0.735 16.27%
29.71% <.0001 19.05%
44.58% 0.344 47.01%
5.52% 0.214 6.77%
36.20% 0.038 31.47%
13.70% 0.573 14.74%
47.02% 0.006 55.51%
52.98% 0.006 44.49%

Thoracic (lung, main bronchus, hilum, and carina)

0.37% 0.526
36.19% 0.234
16.79% 0.094
17.91% 0.619
28.73% 0.009
47.96% 0.829
3.35% 0.073
37.55% 0.145
11.15% 0.222
48.74% 0.111
51.26% 0.111

Caption: Clinical AJCC TNM values of study participants comparing pre-COVID-19 and post-COVID-19 timeframes. T =

tumor, N = nodal, M = metastases. Highlighted p-value indicates statistical significance.

Table 3: Pathological AJCC TNM Values Pre vs. Post COVID-19

TO
T1

T2
T3
T4

NO
N1

N2
N3
MO
M1

22 months Pre vs. 22 months Post 12 months Pre vs. 12 months Post
COVID-19 COVID-19
Pre Post Pre Post
p value p value
COVID-19 COVID-19 COVID-19 COVID-19
(266 unique (272 unique (156 unique (160 unique
patients) patients) patients) patients)

1.78% 1.22% 0.617 0.76% 1.35% 0.630
49.78% 47.15% 0.569 48.48% 41.22% 0.222
28.89% 19.92% 0.023 25.76% 24.32% 0.782

9.33% 12.60% 0.258 12.12% 12.84% 0.856
10.22% 19.11% 0.006 12.88% 20.27% 0.098
67.83% 58.61% 0.037 66.91% 59.44% 0.196
10.87% 7.79% 0.247 8.82% 7.69% 0.731
16.09% 25.00% 0.016 18.38% 25.87% 0.132

5.22% 8.61% 0.147 5.88% 6.99% 0.705
69.78% 58.55% 0.005 68.10% 60.12% 0.133
30.22% 41.45% 0.005 31.90% 39.88% 0.133

Caption: Pathological AJCC TNM values of study participants comparing pre-COVID-19 and post-COVID-19 timeframes.

T = tumor, N = nodal, M = metastases. Highlighted p-value indicates statistical significance.
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Figure 1: Diagnosed Clinical Stages 22 Months Pre vs. 22 Months Post COVID-19

Clinical Staging: 22 months Pre vs. 22 months Post COVID-19
Data Date Range: 05/01/2018 - 02/29/2020 & 04/01/2020 - 01/31/2022
m Diagnosis Pre COVID-19
® Diagnosis Post COVID-19
60.00%
53.72%

50.00%
1
a0
=
c 40.00%
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'_; 30.00% 28.32%
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16.44%
14.49%
10.00% 9.11%
4.83%
0.20% 0.00%
0.00%
0 I n m
Clinical Staging

Caption: Comparison of clinical staging of thoracic malignancies (lung, main bronchus, hilum, and carina) between pre-

COVID-19 and post-COVID-19 study participants. Statistically significant changes in clinical stage Il and IV are highlighted.

Figure 2: Diagnosed Pathological Stages 22 Months Pre vs. 22 Months Post COVID-19

Pathological Staging: 22 months Pre vs. 22 months Post COVID-19

Data Date Range: 05/01/2018 - 02/29/2020 & 04/01/2020 - 01/31/2022

® Diagnosis Pre COVID-19

60.00% W Diagnaosis Post COVID-19

50.00%

42.48%

40.07%
15.41%
10.15% 10.29%
7.35%
I n

Pathological Staging

4191%

40.00%

30.00%

Population Percentage

20.00%

10.00%

0.37%

113%
0.00%
0

Caption: Comparison of pathological staging of thoracic malignancies (lung, main bronchus, hilum, and carina) between
pre-COVID-19 and post-COVID-19 study participants. Statistically significant changes in pathological stage Il and IV
are highlighted.
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Table 4: Disparate Clinical vs. Pathological AJCC TNM Values

22 months Pre vs. 22 months Post COVID-19
Pre COVID-19 Post COVID-19
Clinical T = Pathological T 63.84% 54.81%
Clinical T # Pathological T 36.16% 45.19%
Clinical N = Pathological N 59.69% 54.45%
Clinical N # Pathological N 40.31% 45.55%
Clinical M = Pathological M 50.35% 47.01%
Clinical M # Pathological M 49.65% 52.99%

Caption: Population stratification comparing clinical and pathological tumor (T), nodal (N), and metastases (M) values.

12 MONTHS PRE- AND POST-COVID-19

When comparing the patient population diagnosed
12 months pre-COVID-19 and 12 months post-
COVID-19, there was a statistically significant

increase (+9.68%) between those diagnosed with
clinical T4 (Table 2).

No statistical significance was noted for the patient
population when analyzing the clinical or pathological
N values, M values, and staging diagnoses 12 months
pre- and 12 months post-COVID-19.

Discussion

This extended study analyzing thoracic malignancies
(lung, main bronchus, hilum, and carina) from the
fourth busiest cancer center in the state of Florida
illustrates the effects the COVID-19 pandemic had
on resultant stage migration. Review of our
institutional pre-COVID-19 and post-COVID-19 data
revealed statistically significant differences in clinical
and pathological stage of lung cancers at initial
diagnosis. These results highlight the aftermath of
reallocation of resources and additional efforts
aimed to contain the spread of disease ultimately
leading to decreased rates of screening and diagnosis

of lung cancer.

During post-COVID-19 time periods, annual lung
cancer screening with low-dose computer tomography
scans decreased as much as 72% and the number
of lung cancer diagnoses decreased by 39%.2 Our
study indicates lengthened follow-up observation
periods are needed to fully understand the extent

of resultant stage migration from these occurrences.
When comparing 12 months pre- and post-COVID-
19, limited statistically significant stage migration
findings were captured, specifically only for clinical
T4. However, when increasing our data window to
22 months pre- and post-COVID-19, more substantial
stage migration changes were found across all
tumor, nodal, and metastases stages. In particular,
overall trends show more advanced stages increased
while earlier stages decreased. Notably, clinical T4
further increased by 11.53%, up from the 9.68%
seen in the 12-month post-COVID-19 sample. Overall,
while earlier clinical T2, MO, stage Il decreased,
advanced clinical T4, M1, and stage IV increased.
Additionally, while earlier pathological T2, NO, MO,
and stage Il decreased, advanced pathological T4,
N2, M1, and stage IV increased. These results
characterize increased distinguishment of stage
migration in thoracic malignancies (lung, main
bronchus, hilum, and carina) at initial diagnosis over
extended time periods.

In contrast to our results with an expanded
observational period of 22-months, there are previous
reports in the literature which utilized a shorter study
timeframe that did not find any significant changes
in stage migration. An earlier retrospective study at
a large regional medical center utilizing pre- and
post-COVID-19 timeframes of 6 months found no
statistically significant differences in clinical staging
between the two populations. Moreover, they
reported the proportion of patients with stage I-II
lung cancer in the pre-COVID-19 group was 84.6%

© 2024 European Society of Medicine 7



while the post-COVID-19 group was 87.5% without
any statistically significant difference between the
two groups."” These findings likely correspond to
the limited time interval utilized before and after
the onset of the pandemic. Another retrospective
multi-center cohort study analyzing data from 8
months post-COVID-19 did not find any changes in
initial tumor stage for diagnosed lung cancers.
However, it was postulated incidental new diagnoses
may have been discovered at an early tumor stage
due to chest CT scans related to COVID-19 diagnostic
workup.”™ Therefore, the findings may have been
influenced by increased chest imaging procedures
secondary to the pandemic, thereby leading to
earlier lower stage diagnoses which would have
gone undetected otherwise. In addition to the shorter
time period which was studied, these incidental
findings may have mitigated any stage migration.
Future studies should continue to analyze changes
in lung cancer staging with longer observational
periods to account for such factors.

Although the true effects of the COVID-19 pandemic
on lung cancer staging is still under debate at this
time, previous reports have also indicated
advancements in stage migration similar to our
study. Several retrospective studies  with
observational periods ranging from 4-12 months
post-COVID-19 reported increases in the number
of patients diagnosed with more advanced lung
cancer compared to pre-pandemic times.”'"'* Further
expansion of the analyzed timeframe to 24 months
after the onset of the pandemic also revealed a
significant increase in advanced disease.” These
findings highlight the need for continuous monitoring
to undersand the full scale of stage migration. Another
study examining individual terms within the pandemic
found migration in initial staging of lung cancer in
later terms of the pandemic compared to the
beginning of the pandemic’s onset.’® Similarly, our
study found more substantial stage migration when
expanding the observed timeframe to 22 months
compared to 12 months. The pattern of detecting
advancements in disease with lengthened time

intervals reflect the importance of extended

observation periods to capture the comprehensive
effect of the COVID-19 pandemic on lung cancer
staging. To fully characterize the magnitude of stage
migration caused by the COVID-19 pandemic,
additional multi-institutional studies are needed to
detect these advancements as they present later in

time.

STUDY LIMITATIONS
There are several limitations within this study.

Inherent constraints exist due to the study’s design
as a retrospective cohort study. Despite coming
from the fourth busiest cancer center in the state of
Florida, the generalizability of the data and results
may not represent an accurate prediction of outcomes
for other cancer institutions or areas around the
country. Limitations to applying our results nationwide
may be due to the specific socioeconomic factors
attributed to the demographic of the South Florida
patient population analyzed. There may have also
been limitations of the database used in terms of
accuracy. An additional limitation involves the
exclusion of patients due to lack of clinical (11.25%)
and pathological (52.53%) staging data due to
restrictions from how data extraction from the cancer
registry is completed. Larger multi-institutional
studies from various regions are needed to reduce
the impact of these interfering variables and better
isolate the outcome of interest. Despite attempts
to ensure the COVID-19 pandemic as the
predominant cause of lung cancer state migration,
additional unaccounted factors may have influenced
the findings.

Conclusions

Following the onset of the COVID-19 pandemic,
significant decreases in the number and availability
of lung cancer screenings emerged secondary to
reallocation of resources and additional efforts aimed
to contain the spread of disease. After healthcare
operations resumed for non-emergent and
preventative care, statistically significant stage
migration at initial diagnosis of lung cancers
appeared. Such findings were especially true in this
study, particularly when analyzing lengthened time

© 2024 European Society of Medicine 8



periods of 22 months post-COVID-19 compared to
12 months. Overall, our expanded study time intervals
detected statistically significant stage migration in
thoracic malignancies (lung, main bronchus, hilum,
and carina) compared to previous studies with limited
observation periods of 8 months or less which did
not find any significant differences between pre-
and post-COVID-19 populations.”™" The findings
described in this study indicate a substantial impact
from lack of screening and delayed diagnoses, as
resultant stage migration appears to become more
distinguished over time. Despite thoracic malignancy
and lung cancer treatment guidelines not being
revised at this time, these observed changes are
imperative to account for as they further illustrate
the importance of prioritizing decreasing screening
and care delays for future pandemics or health crises.
Future studies with extended observational periods
of up to five years when attainable are required to
better characterize the extensive influence of COVID-
19 on patients with thoracic and lung cancers as

stage migration may continue further.
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