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Background. The novel coronavirus (COVID-19)
pandemic has led surgical societies to recommend delay-
ing diagnosis and treatment of suspected lung cancer for
lesions less than 2 cm. Delaying diagnosis can lead to
disease progression, but the impact of this delay on mor-
tality is unknown. The COVID-19 infection rate at which
immediate operative risk exceeds benefit is unknown. We
sought to model immediate versus delayed surgical
resection in a suspicious lung nodule less than 2 cm.

Methods. A decision analysis model was developed,
and sensitivity analyses performed. The base case was a
65-year-old male smoker with chronic obstructive pulmo-
nary disease presenting for surgical biopsy of a 1.5 to 2 cm
lung nodule highly suspicious for cancer during the
COVID-19 pandemic. We compared immediate surgical
resection to delayed resection after 3 months. The likeli-
hood of key outcomes was derived from the literature
where available. The outcome was 5-year overall survival.
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Results. Immediate surgical resection resulted in a
similar but slightly higher 5-year overall survival when
compared with delayed resection (0.77 versus 0.74)
owing to the risk of disease progression. However, if
the probability of acquired COVID-19 infection is
greater than 13%, delayed resection is favorable (0.74 vs
0.73).
Conclusions. Immediate surgical biopsy of lung nod-

ules suspicious for cancer in hospitals with low COVID-
19 prevalence likely results in improved 5-year survival.
However, as the risk of perioperative COVID-19 infection
increases above 13%, a delayed approach has similar or
improved survival. This balance should be frequently
reexamined at each health care facility throughout the
curve of the pandemic.

(Ann Thorac Surg 2021;112:248-54)
� 2021 by The Society of Thoracic Surgeons
n March 11, 2020, the World Health Organization
Odeclared the novel coronavirus disease (COVID-19)
to be a global pandemic.1 Physicians have refocused their
efforts on combating COVID-19 as health systems
struggle to adapt to the overwhelming burden of this
disease. Difficult decisions must be made about which
scheduled surgical cases merit the risk of COVID-19
exposure and which can be delayed.

The American College of Surgeons Commission on
Cancer, The Society of Thoracic Surgeons, and the
American Association of Thoracic Surgery established
COVID-19 guidelines for the triage of surgical patients
during the pandemic.2,3 The thoracic oncology guidelines
recommend operating on known or presumed lung can-
cer in solid lung nodules greater than 2 cm during the
early phase of the pandemic (semi-urgent or preparation
phase), but delaying surgery for smaller nodules for 3
months.
Specific guidelines are necessary for lung cancer as
delaying diagnosismay impact survival.4 Early detection is
the only chance at true cure, but the majority of non-small
cell lung cancers (NSCLC) are diagnosed at late stages (III-
IV) when 5-year survival is low (less than 36%).5 Notably,
the smaller lungnodules (less than 2 cm) recommended for
delayed resection may have a greater than 50% risk of
malignancy. If the diagnosis of suspicious lung nodules is
not achieved through noninvasive methods, such as
fluorodeoxyglucose-positron emission tomography scan,
navigational bronchoscopy, and so forth, a surgical biopsy
is recommended.6 The impact from delaying surgical bi-
opsies during the COVID-19 pandemic on survival is un-
known, and there are no published data or guidelines to
aid surgeons in decision making with their patients. This
issue will remain important as COVID-19 prevalence
fluctuates across the country, or if similar infectious pan-
demics emerge in the future.
However, the risk of delaying diagnosis of lung cancer

must be balanced with the risk of mortality from COVID-
19. Early reports suggest that patients with significant
comorbidities such as cancer or respiratory diseases are at
higher risk for complications and death.7-10 In addition,
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patients aged more than 60 years are at higher risk for
complications and COVID-19-related mortality.10-13 As
the majority of patients with NSCLC fall into the above
demographics, their high risk of complications must be
considered.

The purpose of this study was to compare the effect on
5-year overall survival of delayed surgical biopsy of a
lung nodule suspicious for cancer with possible periop-
erative COVID-19 infection within an early phase infec-
tion environment. We sought to model the optimal
clinical decision of immediate surgical resection versus
delayed surgical resection in a 1.5 to 2 cm lung nodule
highly suspicious for lung cancer.
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Patients and Methods

Decision Model Design
We developed a decision analysis model to evaluate two
diagnostic strategies for a suspicious lung nodule
requiring surgical biopsy because of a nondiagnostic
image-guided or bronchoscopic-guided biopsy during
the COVID-19 pandemic. The two diagnostic options
evaluated were immediate minimally invasive resection
or delayed minimally invasive resection after 3 months
(Figure 1). The decision tree details the initial choice (the
decision node) of immediate or delayed resection and
follows branch points to the ultimate outcomes of death
or 5-year overall survival (terminal nodes). If the surgical
biopsy shows benign disease (first chance node), the pa-
tient follows the wedge resection branch with chance
nodes for operative mortality, perioperative COVID-19
infection, and mortality due to COVID-19. If the surgical
biopsy shows malignancy (first chance node), the patient
follows the lobectomy branch. If the patient survives the
surgery, there is a chance of stage 1, 2, or 3 disease at the
time of diagnosis, and for any of these results there is a
chance of perioperative COVID-19 infection and mortal-
ity. Finally, under the delayed resection choice there is a
third option at the first chance node: no surgery owing to
disease progression in the interim.

We used TreeAge Pro version 2018 (TreeAge Software,
Williamson, MA) to construct the decision tree model.
Literature review and expert opinion (when published
data were not available) were used to estimate model
parameters and applicable ranges for sensitivity analysis.

Patients
Our base clinical case was a 65-year-old male smoker
with mild chronic obstructive pulmonary disease pre-
senting with a highly suspicious lung nodule requiring
surgical biopsy for diagnosis. That assumes less-invasive
means of obtaining a diagnosis have failed to make a
definitive diagnosis. We chose a base case with a high
probability of malignancy (65%) so that the argument to
proceed with surgical biopsy would be compelling
despite the COVID-19 pandemic. To reflect this, the
characteristics of the nodule were chosen to be 1.5 to 2
cm, spiculated, and located in the upper lobe.14 The pa-
tient was presumed to have clinical stage IA NSCLC, and
there were no indications for invasive preoperative
mediastinal staging as imaging did not show concerning
adenopathy. The patient was a candidate for thoraco-
scopic resection and presented to a hospital in the semi-
urgent or preparatory phase of the COVID-19
pandemic.2 This scenario assumes COVID-19 in the
community and hospital, but not to a degree that most
hospital resources have been diverted to caring for
COVID-19 patients. The patient had negative COVID-19
testing preoperatively.

Treatment Strategies
For both immediate and delayed resection of the lung
nodule, the patient undergoes a minimally invasive
wedge resection, either video-assisted thoracoscopic
surgery (VATS) or robotic (both referred to as VATS
moving forward for simplicity). If intraoperative pathol-
ogy is benign, no further intervention is undertaken. If
intraoperative pathology is positive for malignancy, this
patient undergoes a completion lobectomy. For the
model, we assume the surgeon is able to complete both
operations minimally invasively.
The delayed resection follows a similar progression,

but after a 3-month delay to allow for COVID-19 preva-
lence in the community (and therefore burden to the
hospital) to decrease. Owing to the delay, there is the
potential that the patient’s NSCLC has progressed to a
more advanced stage. We assume the patient is reimaged
with, at minimum, a computed tomography scan of the
chest preoperatively. If the patient has not progressed
significantly (clinical stage I-II), he would proceed with
the same operative pathway as the immediate resection
above. A patient with clinically advanced disease (stage
III-IV) would not undergo surgical resection and would
follow a different branch point in the decision analysis
(see Figure 1, Table 1). He would still be accessing the
health care system for diagnostic imaging and procedures
and thus would still be at risk for COVID-19 (albeit a low
risk due to the 3-month delay).
Operative complications were assumed to be un-

changed with a delay of the procedure and therefore
omitted from the model. Operative mortality from either
wedge or lobectomy resections were assumed to be equal
for immediate or delayed procedures (Table 1).15,16

Model Variables
NON-SMALL CELL LUNG CANCER. Event probabilities for the
chance nodes were estimated using published reports
derived from the literature (Table 1). The probability of
malignancy was 65% for the base case. The distribution of
NSCLC stages for immediate resection of a clinical stage
IA NSCLC were derived from the literature.17 The dis-
tribution of NSCLC stages after delayed resection was
calculated from an assumed shift in stage distribution due
to the delay. That accounted for a reported doubling time
in nodule size (stage I to II) and progression from local-
ized to regional (stage III) or distant disease (stage IV)
after a 3-month delay.18,19 Using previously published
data by Edelsberg and colleagues,19 we assumed a 0.14
probability of doubling in size of nodule over the 3-month



Figure 1. Decision anal-
ysis tree for timing surgical
biopsy for suspicious lung
nodule during COVID-19
pandemic, displaying po-
tential pathways base case
patient could follow for
either immediate or
delayed resection of highly
suspicious lung nodule. For
either immediate or
delayed resection, there is a
chance of the nodule being
malignant or benign; for a
delayed scenario, there is
also a chance of disease
progression during the
delay precluding operative
intervention. All pathways
have potential for COVID-
19 infection and mortality.
Blue square indicates deci-
sion node, whether to
choose immediate or
delayed resection. Green
circles indicate chance
nodes (probabilities
detailed in Table 1). Red
triangles indicate terminal
nodes, death or 5-year
overall survival. (VATS,
video-assisted thoraco-
scopic surgery.)
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waiting period (shift from stage IA to later stage I or stage
II). Similarly, from Gould and associates6 and the Sur-
veillance, Epidemiology, and End Results program data
on regional and distant spread, we assumed a 0.069
probability shift to stage III and 0.02 to stage IV during the
delay. We assumed half of stage III disease would be
identified on the interval computed tomography scan and
half would be detected pathologically at the time of
resection.
COVID-19. The COVID-19 variables were derived from the
limited published reports available as of April 1, 2020. The
risk of perioperative COVID-19 infection for our base
case for immediate resection was set to reflect the
research team’s local prevalence during the acute phase
of the pandemic at 1.4% (Table 1). That was used as the
probability of infection if the patient had benign disease.
However, reports show hospitalized cancer patients are
likely at an elevated risk of COVID-19 infection and



Table 1. Model Variables

Variables Probability Sensitivity Analysis Values References

Lobectomy mortality 0.02 0.01-0.05 15
Wedge mortality 0.02 0.01-0.05 16
COVID-19 mortality 0.29 0.15-0.52 7-10
Immediate VATS resection

Lobectomy, malignancy 0.65 0.3-1.0 a

Stage 1 NSCLC 0.75 17
Stage 2 NSCLC 0.17 17
Stage 3 NSCLC 0.08 17
COVID-19 infection, NSCLC 0.021 0.007-0.1 7a

Wedge resection, benign nodule 0.35 a

COVID-19 infection, benign nodule 0.014 0.007-0.05 a

Delayed VATS resection
Lobectomy, malignancy 0.61 0.26-0.71 a

Stage 1 NSCLC, postoperative 0.72 0.5-0.75 17-19
Stage 2 NSCLC, postoperative 0.19 0.17-0.3 17-19
Stage 3 NSCLC, postoperative 0.09 0.08-0.2 17-19
Wedge resection, benign nodule 0.35 a

No surgery, clinical stage 3 or 4 0.04 0.0001-0.1
Stage 3 NSCLC, nonoperative 0.5 16-19
Stage 4 NSCLC, nonoperative 0.5 16-19
COVID-19 infection, NCSLC or benign nodule 0.00001 0.01 a

aParameters set by research team for base case scenario.

NSCLC, non-small cell lung cancer; VATS, video-assisted thoracoscopic surgery.

Table 2. Five-Year Overall Survival

Variables Values
Sensitivity Analysis

Values References

Without COVID-19 infection
Benign 0.92 20, 21
Stage 1 NSCLC 0.8 0.68-0.92 5
Stage 2 NSCLC 0.57 0.53-0.6 5
Stage 3 NSCLC 0.25 0.13-0.36 5
Stage 4 NSCLC 0.05 0.0001-0.1 5

With perioperative COVID-19 infection
Benign 0.77 0.65-0.91 20-26
Stage 1 NSCLC 0.67 0.57-0.77 20-26
Stage 2 NSCLC 0.48 0.40-0.50 20-26
Stage 3 NSCLC 0.21 0.11-0.29 20-26
Stage 4 NSCLC 0.04 0.0001-0.084 20-26

NSCLC, non-small cell lung cancer.
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mortality.7 Therefore, we elevated the probability of
perioperative COVID-19 infection if the patient had a
malignancy (2.1%). The term “perioperative COVID-19
infection” includes infections that are acquired in the
hospital or community in the perioperative period.

For the delayed VATS resection, the probability of
acquiring a perioperative COVID-19 infection was set to
almost zero as the purpose of delaying surgery is to allow
the prevalence of COVID-19 in the community to signif-
icantly decrease. This probability was used for benign
and malignant nodules. The risk of COVID-19–related
mortality after VATS resection was derived from reports
of hospitalized or institutionalized patients with cancer or
other comorbidities, all of whom had higher acuity dis-
ease.7-10 The probability of mortality due to COVID-19 for
the base case was set at 29%, higher than in the general
population of 60- to 69-year-old patients owing to un-
derlying comorbidities, which we believed was
appropriate.

Five-Year Overall Survival
Five-year overall survival was chosen for the outcome to
model the impact of cancer progression as well as po-
tential long-term effects of perioperative COVID-19
infection. The 5-year overall survival of the base case
with benign disease was determined from United States
National Vital Statistics System.20,21 Similarly, 5-year
overall survival for NSCLC by pathologic stage was
established from the literature5 (Table 2). With limited
available substage progression data for NSCLC (for
example, stage IA vs IB), we used averaged 5-year overall
survival data for the substages as an aggregate for stage I
to IV disease.
As COVID-19 is an emerging disease, there is no long-

term follow-up of patients available for reference. To
approximate the effect of COVID-19 on long-term sur-
vival after lung cancer resection, we utilized available
data on the impact of significant complications after
NSCLC resection on 5-year overall survival.22-26 The
decrease in 5-year overall survival due to COVID-19 was
set at 16% (range, 11% to 29%), and this was used to
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discount the survival for each NSCLC stage. For example,
if the patient had stage I NSCLC and survived perioper-
ative COVID-19, the likelihood of surviving 5 years would
decrease from 80% to 67%.

Sensitivity Analyses
One-way sensitivity analyses were performed to account
for uncertainty in key model parameters (Tables 1, 2) and
to approximate how differences in the base case could
affect the model outcome. That is accomplished by
altering one parameter at a time while holding all other
variables constant at baseline values. To model the
impact of different patient or nodule characteristics, the
probability of malignancy of the nodule was varied. To
account for uncertainty in stage progression and to
approximate longer or shorter delays, the probability of
each stage after the delay was varied. To account for
variability in the grade or substage, the mortality of each
stage of NSCLC was varied. To model the impact of
different baseline patient characteristics, the probability
of both COVID-19 infection and mortality was varied.
Finally, the impact of different patient characteristics
(including disease progression or interim infection) on
operative mortality was modeled. Two-way sensitivity
analysis was performed by simultaneously varying the
probability of perioperative COVID-19 infection and
COVID-19–related mortality to approximate the outcome
of the model with different patient-level or community-
level variables.
Results

For the base case scenario, choosing immediate VATS
resection of the suspicious lung nodule resulted in
improved 5-year overall survival when compared with
delayed VATS resection after 3 months to allow for
COVID-19 prevalence to decrease (0.77 and 0.74,
respectively).

Sensitivity Analyses
Altering the probability of malignancy of the nodule, the
probability of stage progression during the delay or the 5-
year overall survival estimates attributed to each stage of
NSCLC did not change the outcome of favoring imme-
diate resection. If the model was altered to have no
change in stage after the 3-month delay, then the choices
of immediate or delayed resection were equivocal (0.77
each).

When the probability of perioperative COVID-19
infection was varied while holding all other parameters
constant, choosing immediate resection was favored as
long as the probability of infection was less than 10% for a
cancer patient (6.7% for patient with benign disease).
Delayed resection became the preferred choice when the
probability of perioperative COVID-19 infection was
greater than 13% for a cancer patient (8.7% for patient
with benign disease). Altering the probability of COVID-
19–related mortality did not affect the outcome.

The two-way sensitivity analysis results are presented
in Figure 2. Delayed resection is increasingly preferred as
the probability of either infection or mortality from
COVID-19 are increased. For example, if the probabilities
of infection and mortality were set to 5%, then immediate
resection is favored (point 1 in Figure 2). If the probability
of infection and mortality were set to 15% and 40%,
respectively, then delayed resection is favored (point 2 in
Figure 2).
Comment

Surgeons of all specialties are facing a new dilemma in
triaging care of patients requiring nonemergent surgeries
during the COVID-19 pandemic. They must balance the
use of staff and resources with the potential harm to pa-
tients whose operations are delayed. As lung cancer
survival can be significantly affected by delays in diag-
nosis and treatment,27,28 we created an informative sim-
ple model quantifying potential harm to a patient with a
suspicious lung nodule if his care was delayed owing to
the COVID-19 pandemic.
Our decision analysis model found that delaying

resection for 3 months did affect 5-year overall survival,
although not significantly (0.74 for delayed vs 0.77 for
immediate). The model was strongly affected by the
probability of COVID-19 infection; as the probability of
infection exceeded 13%, delayed resection resulted in
improved 5-year overall survival. Interestingly, realistic
changes in stage progression or 5-year survival rates (to
approximate more or less aggressive cancers) had little
impact on the outcome. Similarly, when the nodule’s
probability of malignancy was set to 100% (to mimic a
biopsy-proven less than 2 cm NSCLC), immediate
resection was still favored (0.69, vs 0.67 for delayed).
Although decision analysis model parameters are very

narrow in scope by design, the sensitivity analyses allow
for modeling a range of uncertainty. The two-way sensi-
tivity analysis may serve as a helpful guide for clinicians
to interpret the model for different patient-level and
system-level factors at the time of resection. For example,
older patients with a number of comorbidities are more
likely to have severe infections and increased mortality
from COVID-19.7-10,13 Using Figure 2, if mortality exceeds
40% for these patients, delayed resection is likely
preferred when infection prevalence exceeds 15%.
Conversely, among younger patients with few comor-
bidities and a lower mortality rate of 5%, decision to delay
resection may be only preferred when infection preva-
lence exceed 30%.
This model assumes that COVID-19 prevalence will

decrease after 3 months. This assumption relies on the
success of public health measures, such as social
distancing, mask wearing, and widespread testing to
combat viral spread. Otherwise, a 3-month delay would
carry both risk of disease progression as well as risk of
COVID-19 infection. For our base case we modeled a
probability of infection of nearly zero as an ideal outcome
of the pandemic. We modeled higher probabilities of
infection after the delay, and as the probability of infec-
tion increased, proceeding immediately with surgery was
more strongly favored. However, while ongoing



Figure 2. Two-way sensitivity analysis
for probability of infection and mortality
from COVID-19, displaying favored
strategy, immediate video-assisted thor-
acoscopic surgery (VATS, red area) or
delayed resection (blue area) across range
of possible perioperative COVID-19
infection and mortality probabilities
while holding all other model variables
constant at baseline values. Point 1 favors
immediate resection for probability of
infection and mortality of 5%. Point 2
favors delayed resection for probability of
infection and mortality of 15% and 40%,
respectively.
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COVID-19 after a 3-month delay did not have an impact
on the overall outcome of the model, it could affect the
resources available for nonemergent surgeries. To pro-
ceed with nonemergent surgeries during the pandemic,
hospitals must be equipped to handle not only a surge in
patients with COVID-19, but also postoperative patients
with or without complications such as prolonged venti-
lation and intensive care unit stays.
Study Limitations
This study has several limitations. First, the paucity of
literature on COVID-19 resulted in estimating several
model parameters from similar but nonidentical clinical
scenarios. We addressed this by analyzing a range of
values for the COVID-19 parameters in our sensitivity
analyses. Second, we did not model community-acquired
COVID-19 infection separately from hospital-acquired
infection. Whereas hospital-acquired infection seemed
to drive the epidemic in China, we have not had the same
experience thus far, but significant differences between
these two infection rates could impact the outcome of the
model. In addition, this model only applies to patients
who require a surgical biopsy for diagnosis, and that may
limit generalizability as many patients achieve diagnosis
through bronchoscopy, image-guided biopsy, and so
forth. Furthermore, our model assumed that negative
preoperative testing for COVID-19 was accurate; we did
not model complications and outcomes for a patient who
had a false negative test. Finally, we did not account for
surgical complications (including conversion to open
thoracotomy) in the model. Although the probability
should be nearly equivalent between the two strategies, if
there was a predominance in one arm it could signifi-
cantly impact the probability of perioperative COVID-19
infection or mortality with increased time in intensive
care, multiple procedures, or need for post-acute care.
Complications would also increase utilization of re-
sources, which were not included in this model. Our
model assumed adequate hospital and community
resources were available to proceed with nonemergent
surgeries.
Despite these limitations, we believe this simplified

model provides a robust framework to inform the surgical
decision and could be adapted for other, similar operative
decision environments for the COVID-19 era. As the
prevalence of COVID-19 fluctuates in communities, or
other infectious pandemics arise, this model can be
adapted to assist hospitals and surgeons to decide when
to proceed with specific operations.

Conclusion
Proceeding with immediate VATS resection of a suspi-
cious lung nodule during the COVID-19 pandemic
resulted in a similar but slightly improved 5-year overall
survival when compared with resection after a 3-month
delay in our base case scenario. However, if the risk of
perioperative COVID-19 was increased above 13%,
delaying operations until prevalence decreases improved
long-term survival. This balance should be frequently
reexamined at each health care facility throughout the
curve of the pandemic.
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