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Abstract
Background Surgical society guidelines have recommended changing the treatment strategy for early esophageal cancer 
during the novel coronavirus (COVID-19) pandemic. Delaying resection can allow for interim disease progression, but the 
impact of this delay on mortality 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 T1b esophageal adenocarcinoma.
Methods A decision analysis model was developed, and sensitivity analyses performed. The base case was a 65-year-old 
male smoker presenting with cT1b esophageal adenocarcinoma scheduled for esophagectomy during the COVID-19 pan-
demic. We compared immediate surgical resection to delayed resection after 3 months. The likelihood of key outcomes was 
derived from the literature where available. The outcome was 5-year overall survival.
Results Proceeding with immediate esophagectomy for the base case scenario resulted in slightly improved 5-year overall 
survival when compared to delaying surgery by 3 months (5-year overall survival 0.74 for immediate and 0.73 for delayed 
resection). In sensitivity analyses, a delayed approach became preferred when the probability of perioperative COVID-19 
infection increased above 7%.
Conclusions Immediate resection of early esophageal cancer during the COVID-19 pandemic did not decrease 5-year sur-
vival when compared to resection after 3 months for the base case scenario. However, as the risk of perioperative COVID-
19 infection increases above 7%, a delayed approach has improved 5-year survival. This balance should be frequently 
re-examined by surgeons as infection risk changes in each hospital and community throughout the COVID-19 pandemic.

Keywords Esophageal cancer · Coronavirus · COVID-19 · Decision analysis model · Risk modeling

The novel coronavirus disease 2019 (COVID-19) is a global 
pandemic caused by severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) [1, 2]. The clinical spectrum 
of COVID-19 infection ranges from asymptomatic to res-
piratory failure requiring hospitalization and even death 
[1, 3]. Across the globe, healthcare resources have been 

diverted to combat the novel disease and the usual care 
of cancer patients has been disrupted. High rates of hos-
pital-acquired COVID-19 infections in patients admitted 
for cancer care have been reported in regions with a high 
prevalence of coronavirus [4–6]. These patients exhibit a 
particularly severe clinical course with high mortality rate 
[4, 7, 8]. Weighing the risk of cancer progression due to 
delayed care against the risk of COVID-19 infection poses 
a clinical dilemma for surgeons and patients.

The American College of Surgeons Commission on Can-
cer, The Society of Thoracic Surgeons and the American 
Association of Thoracic Surgery established COVID-19 
guidelines to help triage patients with resectable thoracic 
malignancies based on consensus expert opinion [9, 10]. 
These guidelines were created to aid surgeons in decid-
ing whether to proceed with usual clinical care (such as an 
immediate resection of early esophageal cancer), to delay 
treatment until the prevalence of COVID-19 and the strain 
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on resources has decreased, or to consider alternative thera-
pies (such as neoadjuvant treatment or endoscopic resec-
tion). The guidelines for esophageal adenocarcinoma suggest 
expedient resection by endoscopic approach for superficial 
disease or surgical resection of clinical stage T1b and above 
during the Phase I response. However, during Phase 2 delay-
ing surgery is recommended for all stages until the COVID-
19 burden has decreased [9]. As COVID-19 prevalence 
spikes and declines in different communities healthcare cent-
ers are forced to start and stop non-emergent surgeries such 
as esophageal resections without data-driven guidelines.

Esophageal cancer is common, ranking seventh in inci-
dence and sixth in mortality worldwide [11]. In the United 
States, only 20% of patients present with early stage dis-
ease. The depth of tumor invasion has been established as 
the most influential risk factor for nodal involvement [12, 
13]. Patients with early stage esophageal cancer without 
nodal involvement have a > 80% 5-year overall survival 
compared to < 25% for patients with nodal involvement 
[14–16]. A delay in therapy for esophageal adenocarcinoma 
could result in a drastic reduction in survival.

Surgeons must weigh the risk of esophageal cancer pro-
gression secondary to delayed resection against the risk 
of morbidity and mortality from the COVID-19 infection. 
This issue will remain important as COVID-19 prevalence 
fluctuates across the country. The primary aim of this 
study was to model the optimal management strategy by 
comparing immediate versus delayed surgical resection in 
a cT1b esophageal adenocarcinoma during the COVID-19 
pandemic.

Materials and methods

Decision model design

We developed a decision analysis model to evaluate 
two treatment strategies for an early esophageal cancer dur-
ing the COVID-19 pandemic: immediate esophagectomy or 
delayed esophagectomy after 3 months (Fig. 1). The deci-
sion 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). Each operative subtree has chance nodes 
for operative mortality, perioperative COVID-19 infection, 
and mortality due to COVID-19. Finally, under the delayed 
resection choice there is a third option at the first chance 
node: no surgery due to disease progression in the interim 
(see below).

We used  TreeAge  Pro version 2018 (TreeAge  Soft-
ware, Inc., Williamson, MA) to construct the decision tree 
model. The literature review and expert opinion (when 
published data was not available) were used to estimate 

model parameters and ranges for sensitivity analysis. As 
no human or animal subjects were involved in this project, 
institutional review board approval and informed consent 
were not required.

Patients

Our base clinical case was a 65-year-old male smoker with a 
20 mm cT1b middle esophageal adenocarcinoma. An early 
stage esophageal adenocarcinoma was chosen for modeling 
due to the equipoise in society recommendations for treat-
ment of these patients during the COVID-19 pandemic. He 
had negative preoperative COVID-19 testing. The patient 
was a candidate for esophagectomy and presented to a hos-
pital during the acute phase of the COVID-19 pandemic. 
This assumes the presence of COVID-19 in the commu-
nity and hospital, but not to a degree that hospital resources 
are exhausted, the institution still has ICU vent capacity and 
the COVID trajectory is not in the rapid escalation phase.

Treatment strategies

Treatment simulations were performed for both immediate 
and delayed resection via minimally invasive or open tran-
shiatal esophagectomy. Assumptions for patients undergo-
ing immediate surgery were a 7–10 days hospitalization 
[17–20], during which time the patient would be at risk for 
a COVID-19 infection.

Patients undergoing a delayed resection at 3 months did 
not undergo interval therapy (neoadjuvant chemotherapy 
or radiation). Each patient was restaged with imaging prior 
to surgery to rule out progression; those with clinical stage 
I or II proceeded with standard operative therapy while 
those exhibiting progression (stage III or IV) followed a 
different branch point in the decision analysis (Fig. 1 and 
Table 1). The COVID-19 prevalence in the community 
and thus hospital burden was assumed to have decreased 
to almost zero.

Surgical morbidity was assumed to be identical in imme-
diate or delayed surgery and thus not influenced by the deci-
sion to delay. Therefore, they were omitted from the model. 
Operative mortality was assumed to be equal for immediate 
or delayed esophagectomy but was included in the model to 
allow for sensitivity analyses [21–23].

Model variables

Esophageal cancer

The distribution of pathologic stages determined at the 
time of surgery for a patient with clinical T1b esopha-
geal  adenocarcinoma were derived from the litera-
ture (Table 1) [24–29]. The distribution of esophageal 
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cancer stages after delayed resection were adjusted from 
the baseline distribution to account for potential stage 
progression during the delay. This included the potential 
increase in the depth of invasion, which was calculated 
from reported doubling times  in the literature, as well 
as the possibility of new nodal involvement or metastatic 
disease [12, 13, 24, 27–30]. For example, if the base case 
patient underwent immediate resection he would have a 
94% chance of having Stage I disease discovered at the 
time of surgery; if he underwent delayed resection would 
have the possibility of disease progression and would only 
have a 91% chance of having Stage I disease (Table 1). As 

a patient’s probability of advanced disease increases, so 
does their probability of mortality (see below).

COVID‑19

The COVID-19 parameters (Table 1) were derived from 
the limited published reports available as of April 15, 
2020.  International reports  of  the risk of in-hospital 
COVID-19 exposure reported is much higher than commu-
nity exposure rates (estimated to be 1–40% of cases) [3, 4, 
31], but this has not been our domestic experience, where 
the community rate exceeds the hospital rate [32]. Thus, we 
created one variable, perioperative COVID-19 infection, 

Fig. 1  Decision analysis tree for timing of esophagectomy for patient 
with cT1b esophageal adenocarcinoma during COVID-19 pandemic. 
Blue square: decision node, whether to choose immediate or delayed 

surgical resection. Green circles: chance nodes. Red triangles: termi-
nal nodes (Color figure online)
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that encompasses the risk to patients of both community-
acquired and hospital-acquired infection around surgery. 
The risk of perioperative COVID-19 infection for our base 
case undergoing immediate surgery was set at 1.4% by the 
research team to reflect the local prevalence of disease.

For the delayed esophagectomy, the risk of perioperative 
COVID-19 exposure was set to almost zero as the purpose 
of delaying surgery 3 months was to allow the prevalence 
to decrease. All delayed patients are at risk for community 
infection during the delay as well as hospital-acquired infec-
tion during re-staging and any recommended therapy—sur-
gery in those not exhibiting progression or port placement 
and chemotherapy in those who do.

The risk of COVID-19-related mortality after esophagec-
tomy was derived from reports of hospitalized or institution-
alized patients with any type of cancer or other significant 
comorbidities, which contributed to a more virulent infec-
tion and higher acuity disease [4, 31, 33, 34]. We felt these 
estimates appropriately reflected risk in esophageal patients 
because of their cancer diagnosis and high prevalence of 
post-operative pulmonary [35]. The probability of mortality 
is higher than in the general population of 60–69-year-old 
patients, which was deemed appropriate for our base case.

Five‑year overall survival

The 5-year overall survival for esophageal adenocarcinoma 
by pathological stage was established from the literature 
(Table 2). Progression data for each stage was limited, there-
fore we used averaged 5-year overall survival data for the 
substages as an aggregate for stage I–IV disease.

As COVID-19 is a new disease emerging in late 2019 
there is no long-term follow up of patients available for 

reference. To approximate the effect of COVID-19 on over-
all survival  after  esophagectomy, we utilized available 
data on the impact of significant pulmonary complications 
after esophagectomy on 5-year overall survival [15, 36]. The 
decrease in 5-year overall survival due to COVID-19 was 
set at 0.26 (range 0.1–0.35), and this was used to discount 
the cancer-related survival for each stage. In other words, 
if the patient had pathologic stage I esophageal cancer but 
contracted and survived a perioperative COVID-19 infec-
tion, his likelihood of surviving 5-years would decrease 
from 81 to 59%.

Sensitivity analyses

One-way sensitivity analyses were performed to account 
for uncertainty in key model parameters (Tables 1 and 2) 
and to approximate how differences in the base case could 

Table 1  Model parameters

*Parameters set by research team based on base case clinical scenario, current local data

Chance parameter Probability Values for sensitivity 
analysis

Reference(s)

Operative mortality 0.047 0.023–0.071 [21–23]
COVID-19 mortality 0.25 0.150–0.520 [4, 31, 33, 34]
Immediate resection
 COVID-19 infection 0.014 0.0001–0.100 *
 Stage 1 0.93 0.817–0.895 [24, 25]
 Stage 2 0.06 0.107–0.143 [24, 25]
 Stage 3 0.01 0.005–0.034 [24, 25]

Delayed resection
 COVID-19 infection 0.00001 0.01 *
 Surgery 0.994 0.95–1.0 [24]
 Stage 1 0.91 0.789–0.895 [26–29]
 Stage 2 0.07 0.111–0.200 [26–29]
 Stage 3 0.02 0.005–0.038 [26–29]
 No surgery (disease progression) 0.006 0–0.05 [24]

Table 2  5-year overall survival

5-year overall survival Value Values for sensi-
tivity analysis

Reference(s)

Without COVID-19 infection
 Post-op, stage 1 0.81 0.73–0.88 [15, 37]
 Post-op, stage 2 0.48 0.4–0.55 [15, 37]
 Post-op, stage 3 0.15 0.031–0.24 [15, 37]
 Non-op, stage 3 or 4 0.08 0.02–0.12 [15, 37]

With post-operative COVID-19 infection
 Post-op, stage 1 0.59 0.54–0.64 [15, 36]
 Post-op, stage 2 0.35 0.29–0.49 [15, 36]
 Post-op, stage 3 0.11 0.029–0.18 [15, 36]
 Non-op, stage 3 or 4 0.06 0.0001–0.07 [15, 36]
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affect the model outcome. This is accomplished by alter-
ing one parameter at a time while holding all other vari-
ables constant at baseline values. These analyses included 
varying the stage progression of esophageal adenocarcinoma 
with the delay, the 5-year overall survival of esophageal 
adenocarcinoma by stage, the probability of perioperative 
COVID-19 infection, and the probability of mortality from 
COVID-19. Two-way sensitivity analysis was performed 
by simultaneously varying  the probability of periopera-
tive COVID-19 infection and COVID-19-related mortality 
while holding all other parameters constant.

Results

For the base case scenario,  proceeding with  immedi-
ate resection of a cT1b esophageal adenocarcinoma resulted 
in slightly improved 5-year overall survival when compared 
to delaying by 3 months to allow for COVID-19 prevalence 
to decrease from 1.4% to almost zero (5-year overall sur-
vival 0.74 for immediate and 0.73 for delayed resection).

Sensitivity analyses

Altering  the probability of malignancy  or the mor-
tality attributed to each stage of  esophageal adeno-
carcinoma  did not change the outcome of favor-
ing immediate  esophagectomy. If  the model was 

altered to have  decreased  stage  progression  after the 
3-month delay (1% change in pathologic stage 1 progression 
rather than 2%), then the timing of resection was equivocal 
(0.74). If the probability of perioperative COVID-19 infec-
tion was increased to between 4 and 6% then the two choices 
are equivocal (0.73). If the probability of infection exceeded 
7% then delayed resection is increasingly favored.

The two-way sensitivity analysis results are presented 
in Fig. 2. Delayed resection was increasingly preferred as 
the probability of either perioperative infection or mortality 
from COVID-19 are increased. For example, delayed resec-
tion was preferred if mortality is > 10% and infection risk is 
> 8%. Similarly, delayed resection was preferred if mortality 
is > 50% and infection is > 5%.

Discussion

Triaging the care of patients requiring non-emergent sur-
geries during a new infectious disease pandemic presents a 
new challenge to surgeons of all specialties. Hospitals must 
balance the consumption of resources potentially needed for 
COVID patients with the potential harm to cancer patients 
if operations are delayed. As survival from esophageal can-
cer precipitously decreases with stage progression [15, 36, 
37], we created a simple and informative model  to esti-
mate the potential harm to a patient with an early stage cT1b 

Fig. 2  Two-way sensitivity analysis for probability of infection 
and mortality from COVID-19. Graph displays the favored strategy 
(immediate or delayed resection) across a range of possible periop-

erative COVID-19 infection and COVID-19-related mortality prob-
abilities while holding all other model variables constant at baseline 
values (color figure online)
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esophageal adenocarcinoma if his care was delayed due to 
the COVID-19 pandemic.

Our decision analysis model found that delaying resec-
tion for 3 months would likely impact 5-year overall sur-
vival, though not significantly (0.73 vs. 0.74 for immedi-
ate  esophagectomy). The model was strongly impacted 
by the probability of COVID-19 infection as well as the 
resultant morbidity and mortality. If either of these param-
eters increased significantly, the model favored delaying 
resection to theoretically allow for COVID-19 burden to 
decrease. For example, if the risk of perioperative COVID-
19 infection exceeded 7%, a patient undergoing an immedi-
ate esophagectomy could have worse survival than with a 
delayed operation.

The  decrease in COVID-19 prevalence at 3  months 
assumes the success of public health measures such as social 
distancing, widely available testing and contract tracing. 
Otherwise, a 3-month delay will carry both risk of disease 
progression as well as risk of COVID-19 infection. A prob-
ability of infection of nearly zero after the delay seems 
unlikely to occur at this point in the pandemic, but it was 
chosen for the base case scenario as the ideal outcome. We 
modeled higher probabilities of infection after the delay and 
as the probability of infection increased, proceeding immedi-
ately with surgery was even more strongly favored. However, 
while higher rates of COVID-19 after a 3-month delay did 
not impact the overall outcome of the model, it could impact 
the resources available for non-emergent surgeries. Hospitals 
must be equipped to handle not only a surge in patients with 
COVID-19, but also post-operative patients with or without 
complications such as prolonged ventilation and intensive 
care stays.

While the decision analysis model parameters are very 
narrow in scope by design, the sensitivity analyses allow 
for modeling a range of uncertainty. The two-way sensitiv-
ity analysis, for example, can allow clinicians to adapt the 
results to different patient- or community-level factors. If a 
patient presents who is younger and healthier than our base 
case, he would likely be at a lower risk for both COVID-19 
infection and mortality. Using Fig. 2, if the probability of 
infection is set at 1% and the mortality at 5%, then immedi-
ate resection is favored. Conversely, an older patient with 
multiple comorbidities who is at higher risk of COVID-19 
complications can be approximated setting the probability of 
infection at 10% and mortality at 60%. This would strongly 
favor delaying resection until COVID-19 prevalence has 
decreased in the community.

This study had several limitations. First,  the pau-
city of literature available on COVID-19 resulted  in 
estimating several model parameters from similar but 
non-identical clinical scenarios. We addressed this by 
analyzing  a  wide  range of values for the COVID-19 
parameters in our sensitivity analyses. Secondly, we did 

not model community-acquired COVID-19 infection sepa-
rately from hospital-acquired COVID-19. While hospi-
tal-acquired infection seemed to drive the epidemic in 
China, we have not had the same experience thus far in 
the pandemic, but significant differences between these 
two infection rates could impact the outcome of the model. 
Finally, we did not account for surgical complications in 
the model. While the probability should be nearly equiva-
lent between the two strategies, if there was a predomi-
nance in one arm it would likely have a significant impact 
on the probability of COVID-19 infection and mortality.

Despite these limitations, we believe this simplified 
model provided a robust framework to inform the surgical 
decision and was more adaptable for other, similar opera-
tive triaging decisions during the COVID-19 pandemic. 
This model should be easily adaptable as COVID-19 
prevalence ebbs and surges in different communities, and 
if other infectious pandemics emerge posing similar dilem-
mas to surgeons.

Conclusion

Proceeding with immediate esophagectomy  for  early 
esophageal adenocarcinoma during the COVID-19 pan-
demic resulted in a similar but slightly improved 5-year 
overall survival when compared to resection after a 
3-month delay in our base case scenario. However, as the 
risk of infection with COVID-19 increased above 7%, 
delaying operations for 3 months has an improved long-
term survival. This balance should be frequently re-exam-
ined at each healthcare facility based on local COVID-19 
prevalence throughout the curve of the pandemic.
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